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ABSTRACT
 
Stock assessments indicate many valuable fish species are declining, or are 
considered overfished and/or are undergoing overfishing. Fisheries scientists and 
managers in the southeastern U.S. typically have utilized a single-species approach, and 
relied on catch per unit effort data derived from fishery-independent surveys to determine 
indices of abundance for economically important reef fish. However, catchability for 
these surveys vary for many reasons including environmental and predator-prey 
relationships. This research was developed to elucidate environmental influences on reef 
fish assemblages and distribution of reef-associated marine predators, and examine 
predator-prey dynamics that may influence relative abundance of large predators based 
on chevron traps and video data from the southeastern U.S. Atlantic. 
 The first part of this study focused on fish assemblage structure association with 
different environmental gradients such as distance to shelf edge, depth, substrate vertical 
relief, substrate size, biotic class and % biotic cover. The second part of the study further 
detailed the association of Scamp, Gag, Yellowmouth Grouper, Red Grouper, Snowy 
Grouper and Red Snapper with month, latitude, depth, temperature, surface geologic 
class, biotic class, and percent biotic cover and revealed Red Snapper had a wider niche 
breadth than the groupers, while alternatively, groupers exhibited greater habitat 
specificity. 
vi 
The final part of the study determined Gag, Red Grouper and Red Snapper 
showed a preference toward Tomtate and small Black Sea Bass when predation occurred 
within traps. However, statistical analyses determined selected prey species were not 
important drivers in the presence of the focal predator species within the traps or video 
observations. Based on observations during this study, predator-prey interactions may 
have more implications for indices based on video outside the traps for these focal 
predator species. 
Given environmental relationships and species interactions have implications for 
fisheries management, this study provides details that describe assemblage patterns 
across environmental gradients, determines habitat associations for economically and 
environmentally important groupers and Red Snapper, and determines the importance of 
predation regarding chevron traps. This information will be used to inform stock 
assessments and conservation management decisions to enhance fisheries sustainability.
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CHAPTER 1 
 
INTRODUCTION 
 
 Results of stock assessments (scientific analyses of the composition and 
abundance of fish stocks) indicate that many economically valuable marine fish species 
are declining, or are considered overfished and/or are undergoing overfishing (NOAA 
2015; SAFMC 2016a). Marine fisheries management in the federal waters of the United 
States is mainly governed by the Magnuson-Stevens Fishery Conservation and 
Management Act (MSA). The 2006 reauthorization of the MSA includes 
recommendations that call for the maintenance and expansion of current levels of fishery 
surveys, and to fill in notable gaps in scientific data such as relationships between fish, 
habitat and benthic communities, and scientific data regarding diversity (NOAA, 2007; 
NMFS 2009). From this perspective, the sustainable management of fisheries, 
conservation and management of diversity, and improvements in stock assessments can 
only be achieved if models are able to include, or account for, other ecosystem 
components. However, in most fish stock assessments, environmental effects and species 
interactions are not taken into consideration (Haddon 2011). Under the MSA, eight 
regional fishery management councils were established with mandates that any fishery 
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management plan (FMP) and related regulation set forth by any council must adhere to 
the national standards for fishery conservation and management (NOAA 2007). To meet 
federal mandates in the southeastern United States, the South Atlantic Fishery 
Management Council (SAFMC) manages 55 marine fish species represented by ten 
families within the “snapper-grouper complex”: Balistidae, Carangidae, Ephippidae, 
Haemulidae, Labridae, Lutjanidae, Malacanthidae, Polyprionidae, Serranidae and 
Sparidae (SAFMC 2016a). Fishery-independent data (FID) are central to stock 
assessments of fishes within the snapper-grouper complex in the region, and are collected 
by scientists during long-term monitoring fishery-independent surveys. Unlike fishery-
dependent surveys, fishery-independent surveys consistently adhere to standardized 
protocols uninfluenced by specific management measures or socioeconomic factors. This 
enables researchers to provide unbiased data that describe abundance estimates, 
environmental factors, and fish habitat characteristics, and are subsequently used in 
combination with fishery-dependent data (FDD) to determine overall stock status 
(Kilduff, Carmichael, and Latour 2009). Fishery-independent data has proven especially 
important in monitoring efforts to rebuild the Red Snapper (Lutjanus campechanus) stock 
in the southeastern United States Atlantic (SEUSA). In 2010, the Red Snapper fishery 
was closed after stock assessments determined the stock was undergoing overfishing and 
was overfished. To date, with only an annual limited season open to commercial and 
recreational fishing during 2012-2014 (SAFMC 2016b), stock assessments for Red 
Snapper in the SEUSA have remained heavily reliant upon FID. Fishery-independent 
data utilized for stock assessments of many species in the snapper-grouper complex in the 
southeastern US Atlantic have been supplied via chevron trap surveys conducted by the 
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Marine Resources Monitoring, Assessment, and Prediction Program (MARMAP) 
program, and since 2009, the Southeast Reef Fish Survey (SERFS). The SERFS 
represents the current collaborative work of three independent, federally funded fishery-
independent monitoring programs studying reef fish species of the southeastern U.S. 
Atlantic (SEUSA): MARMAP (1990-present), the Southeast Area Monitoring and 
Assessment Program, South Atlantic Region (SEAMAP-SA; 2009-present), and the 
Southeast Fishery-Independent Survey (SEFIS; 2010-present). One crucial piece of 
information included in FID provided by SERFS is catch per unit effort (CPUE). 
Measures of relative abundance, estimated using CPUE data, are a key data 
source in many stock assessments (Polacheck, Hilborn, and Punt 1993; Cooper 2006). 
Although CPUE usually is assumed to be proportional to abundance in the natural 
environment, one caveat to its use is that it measures only the part of the population 
vulnerable to the gear. Hence, it is proportional only to the selected component of the 
population and not to the overall population (Hinton and Maunder 2003; Maunder et al. 
2006).  Catchability, represented by the catchability coefficient (q), is defined as the 
relationship between the catch rate (CPUE) and the true population size, or the measure 
of the portion of a stock caught by a single unit of fishing effort (Maunder et al. 2006; 
Kilduff, Carmichael, and Latour 2009). Catchability is usually assumed to be constant 
over time, but, catchability may vary for many reasons such as species targeting, the 
environment, fishing efficiency and dynamics of the population (Maunder et al. 2006). It 
is critical, therefore, that CPUE provided to an assessment is standardized to account for 
any other interactions, or factors, that may influence catchability in the development of 
the index (Hinton and Maunder 2003). In the SEUSA, SERFS currently standardizes for 
4 
 
some factors known to influence catches, such as year, latitude, depth, temperature, and 
day of year, although there is still a large amount of unexplained variation in the models. 
Therefore, to better inform stock assessments, it is necessary to understand interactions 
between fish species and the surrounding environment. Conducting research as part of a 
regional, long-term fishery-independent survey provides the best opportunity to obtain 
the greatest amount of unbiased data for more comprehensive and robust assessments. 
To investigate such interspecific and environmental interactions, this research was 
developed to (1) quantify how the environment influences reef fish community structure 
and reef-associated marine predators, (2) expand our understanding of how the 
environment influences the abundance of reef-associated marine predators, and (3) take 
the first step toward increasing our understanding of predator-prey dynamics of these 
assemblages in relation to chevron traps and video used to evaluate relative abundance of 
reef fish in the SEUSA and how such interactions may influence relative abundance 
estimates for stock assessments. The data provided by this study are necessary to address 
gaps in scientific data regarding relationships between fish, habitat and communities 
(here, specifically fish assemblages) and data regarding diversity (here, fish community 
structure). Chapters 2-4 are based on a large-scale, fishery-independent survey. 
Accordingly, background information and survey methodology overlap.  
 Chapter 2 examines how the environment influences reef fish community 
structure in the SEUSA and elucidates relationships that may ultimately influence relative 
abundance for current stock assessments. This study also reveals fish assemblage 
structure across environmental gradients from which it is possible to monitor species 
shifts within the structure due to disturbance such as fishing pressure, climate change, 
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and invasive species; and highlights species with limited distributions within 
communities that may be more at risk. There have been other important fish assemblage 
studies over natural habitat in the SEUSA from ranging from older, region-wide scales 
(Struhsaker 1969; Miller and Richards 1980, Grimes, Manooch, and Huntsman 1982; 
Sedberry and Van Dolah 1984) to more recent, localized research such as in Gray’s Reef 
National Marine Sanctuary (Kendall, Bauer, and Jeffrey 2009), off North Carolina (Burge 
et al. 2012), and along the shelf edge (Barans and Henry 1984; Quattrini and Ross 2006; 
Schobernd and Sedberry 2009). However, there are no fish assemblage studies based on 
the SERFS with chevron traps and complementary video.  In this study, hard bottom 
habitat types are characterized based on video from the SERFS survey, which depicts fish 
community structure using data from two gear types: traps and video cameras attached to 
the same traps. Using data from multiple gears mediates bias in gear selectivity and 
provides a more robust assessment of assemblage structure. Specifically, this study 
focuses on the following questions: 1) What environmental variables are associated with 
patterns in fish species assemblages? 2) How are the assemblages distributed across those 
environmental gradients? and 3) How do the various species contribute to the structure of 
the assemblages? 
 Chapter 3 uses the same environmental and hard-bottom habitat characteristics 
defined in Chapter 2 to expand our understanding of how the environment influences the 
distribution of environmentally and economically important, reef-associated, large-
bodied predators in the SEUSA on an individual species level (e.g. Scamp (Mycteroperca 
phenax), Gag (M. microlepis), Yellowmouth Grouper (M. interstitialis), Red Grouper 
(Epinephelus morio), Snowy Grouper (Hyporthodus niveatus) and Red Snapper (Lutjanus 
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campechanus). These moderate to large grouper and snapper species are particularly 
vulnerable to overexploitation because of individual life history characteristics such as 
longevity, slow growth, late maturity, aggregate spawning behavior, reduced spawning 
period, and in groupers, protogynous sex change (Smith 1972, Manooch 1987, Shapiro 
1987, Musick 1999a; Musick 1999b, Coleman et al. 1999, Sadovy de Mitcheson et al. 
2013). These species exhibit low abundances and frequency of occurrence and are 
subsequently data deficient, particularly regarding habitat in this region. Studies linking 
one or more of these economically and ecologically important species to the environment 
have been few in the SEUSA, and focused on spawning areas (Koenig et al. 2000; 
Sedberry et al. 2006; Farmer et al. 2017), localized areas such as hardbottom habitats 
near Cape Fear, NC (Burge et al. 2012) and Gray’s Reef National Marine Sanctuary 
(Kendall, Bauer, and Jeffrey 2008), and species’ distributions linked to broad-scale 
environmental distributions such as depth related distributions of postjuvenile Red 
Snapper (Mitchell et al. 2014) and multispecies spatial distributions based on video 
presence-absence of species observed during SERFS surveys (Bacheler et al. 2016). 
However, there have been no studies in the SEUSA utilizing micro-habitat information 
(e.g. geologic and biotic variables) alongside broad-scale variables (e.g. depth, 
temperature, latitude) in a multivariate framework that examines these focal reef fish 
species in aggregate. Additionally, this study uses an approach that focuses strictly on 
fishery-independent samples where these species were encountered to avoid the 
implications of zero-inflated data and provides a more direct assessment of associations 
between these species and the habitats in which they are observed (Purcell et al. 2014). 
The results of this study have important implications for fisheries management regarding 
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how these habitat associations ultimately influence relative abundance indices for current 
stock assessments. Specifically, this chapter focuses on the following questions: 1) How 
does habitat influence the distribution of commercially and recreationally important 
predator species? 2) What environmental variables influence Scamp, Gag, Red Grouper 
and Red Snapper distributions, and 3) Is there evidence of habitat specialization within 
hardbottom habitats? 
Chapter 4 examines predator-prey relationships regarding chevron traps utilizing 
co-occurring predator and potential prey species elucidated in Chapter 2. Fish traps 
utilized by commercial and recreational fishers and fishery-independent surveys create 
the potential to prompt an aggregative response by predators, thereby concentrating both 
predator and prey in a fixed space and providing opportunities for predation to occur.  
Although there are very few studies regarding predator-prey interactions regarding fish 
traps, previous studies in the Virgin Islands and the Bahamas suggest the presence of 
fishes inside the trap appeared to attract both conspecifics and predators (High and Ellis 
1973; Renchen, Pittman, and Brandt 2012). Additionally, Dunlop et al. (2015) found the 
number of agnostic behaviors increased with the number of fish present around baited 
underwater video cameras in the northwestern Hauraki Gulf, New Zealand. In the 
SEUSA, many smaller-bodied economically valuable fish species, such as Black Sea 
Bass (Centropristis striata) and Vermilion Snapper (Rhomboplites aurorubens), may 
serve as prey for larger, often more valuable fishes such as Red Snapper (Lutjanus 
campechanus), groupers and jacks. The purpose of this study is to take the first step 
toward increasing our understanding of predator-prey dynamics in relation to chevron 
traps used to evaluate relative abundance of reef fish in the SEUSA. How such 
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interactions may influence relative abundance indices for stock assessments is examined. 
This study is the first to investigate predator-prey dynamics utilizing trap catch and video 
data collected via MARMAP and SERFS for the purpose of determining whether larger 
predator species seen most frequently in or around the traps are attracted to the traps 
based on the abundance of potential live prey concentrated.
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CHAPTER 2 
 
EFFECTS OF ENVIRONMENTAL FACTORS 
ON REEF FISH COMMUNITY STRUCTURE 
IN THE SOUTHEASTERN U.S. ATLANTIC 
 
2.1 INTRODUCTION 
 Results of stock assessments nationally, including the southeastern United States, 
indicate that many economically valuable fish species are considered overfished and/or 
are undergoing overfishing (NOAA 2015; SAFMC 2016). As targeted stocks decline, the 
loss of previously abundant and/or keystone species can alter the structure, function, and 
sustainability of ecosystems (Hooper et al. 2005; Gaston and Fuller 2008; Zhou et al. 
2010). Although traditional fisheries management typically focuses on single species, it 
does not reflect the complexity and reality of the marine environment (NMFS 2009). To 
increase sustainability and augment traditional fisheries management methods, recent 
strategies are shifting towards a more holistic ecosystem approach to management 
(NMFS 2009). The 2006 reauthorization of the Magnuson-Stevens Fishery Conservation 
and Management Act (MSA), includes recommendations that call for the maintenance 
and expansion of current levels of fishery surveys, and to fill in notable gaps in scientific 
data such as relationships between fish, habitat and benthic communities, and scientific 
data regarding diversity (NOAA, 2007; NMFS 2009). From this perspective, the 
sustainable management of fisheries, conservation and management of diversity, and 
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improvements in stock assessments can only be achieved if models are able to include, or 
account for, other ecosystem components. However, in most fish stock assessments, 
environmental effects and species interactions are not taken into consideration (Haddon 
2011). 
 To meet federal mandates in the southeastern U.S. Atlantic (SEUSA), the South 
Atlantic Fisheries Management Council (SAFMC) manages 55 marine fish species 
represented by ten families within the snapper-grouper complex: Balistidae, Carangidae, 
Ephippidae, Haemulidae, Labridae, Lutjanidae, Malacanthidae, Polyprionidae, Serranidae 
and Sparidae (SAFMC 2016). Fishery-independent data utilized for stock assessments of 
many species in the snapper-grouper complex in the SEUSA have been supplied via 
chevron trap surveys conducted by the Marine Resources Monitoring, Assessment, and 
Prediction program (MARMAP) since 1990, and since 2009, the Southeast Reef Fish 
Survey (SERFS). The SERFS represents the current collaborative work of three federally 
funded fishery-independent monitoring programs studying reef fish species of the 
SEUSA: MARMAP (1990-present), the Southeast Area Monitoring and Assessment 
Program-South Atlantic (SEAMAP-SA; 2009-present), and the Southeast Fishery-
Independent Survey (SEFIS; 2010-present).  
 The SERFS samples known hard bottom habitats along the southeastern U.S. 
Atlantic continental shelf (oftentimes referred to as the South Atlantic Bight), which 
extends from approximately West Palm Beach, FL, to Cape Hatteras, NC and comprises 
a total area of approximately 90,600 km2 (Menzel 1993).  The width of the shelf extends 
approximately from 5 km off Palm Beach, FL, out to its widest point of 120 km off 
Georgia and South Carolina, then narrows again to 30 km at Cape Hatteras, NC (Menzel 
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1993; Blanton et al., 2003).  The depth contours generally parallel the shelf (Blanton et 
al. 2003), and can be divided into several zones: inner shelf (0-20 m), mid-shelf (21-40 
m), outer shelf (41-75 m), and shelf break, which generally occurs at about 75 m depth, 
although it is deeper off North Carolina and shallower southward off Florida (Menzel 
1993, Fautin et al., 2010). 
 The oceanographic regime of the southeastern U.S. Atlantic continental shelf 
(shoreward of the 100-m isobath) is mainly determined by 1) proximity of the Gulf 
Stream with its frequent meanders, upwelling eddies, and bottom intrusions that advect 
nutrients into the euphotic zone; 2) seasonal heating and cooling; 3) river runoff; and 4) 
bottom topography. The inner shelf is dominated by seasonal atmospheric changes, tidal 
currents, local wind forcing, and fresh water discharge from rivers.  The mid-shelf is 
dominated by winds but also influenced by the Gulf Stream. The outer shelf is mostly 
dominated by the Gulf Stream (Yoder et al. 1981; Atkinson 1985; Lee, Yoder, and 
Atkinson 1991; Blanton et al. 2003; Miles, He, and Li 2009; Fautin et al. 2010). The Gulf 
Stream lies generally seaward of the 100-m isobaths, but can influence the outer shelf 
(45-100-m isobaths) region on weekly time scales (Lee, Atkinson, and Legeckis 1981; 
Lee and Atkinson 1983). Relatively stable temperatures (18-22° C) and salinity (36.0 - 
36.2) are observed near bottom, just inshore of the shelf break, which is bordered by 
seasonally variable inshore waters on one side and fluctuating offshore waters on the 
other, and is subject to cold eddy/upwelling events and warm Gulf Stream intrusions 
(Yoder et al. 1981; Atkinson 1985, Lee, Yoder, and Atkinson 1991; Miles, He, and Li 
2009; Fautin et al. 2010).  The hydrography and relatively stable salinity and 
temperatures near the shelf break provide favorable conditions for tropical and 
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subtropical species to inhabit the continental shelf as far north as North Carolina (Fautin 
et al. 2010). However, it is widely known that variation in physical habitat also plays a 
role in species’ distributions. 
Hard bottom communities of the SEUSA are complex and diverse. Patchy areas 
of sand-veneered hard bottom areas and rocky outcrop hard bottom areas occur 
throughout the SEUSA (Powles and Barans 1980; Sedberry and Van Dolah 1984). 
Although the percentage of hard bottom that occurs on the continental shelf is unknown, 
estimates of extent range from 4 to 30% of the shelf area (Parker et al. 1983; Fautin et al. 
2010). The amount of hardbottom available for development of a benthic community is 
influenced by morphology, geometry and composition as well as the thickness of the 
surface sand sheet (Riggs et al. 1996). These mesophotic hard bottom areas provide 
substrate for persistent and dependent biological communities that are also termed “live 
bottom” (Riggs et al. 1996), and are ecologically important resources that provide 
habitats necessary to the life history of many ecologically and economically important 
fish species (Powles and Barans 1980; Sedberry et al. 2001; Sedberry et al. 2006). In 
addition to individual physical habitat characteristics, habitat complexity also correlates 
with assemblage structure and is a potential predictor of species distributions. Greater 
environmental complexity is expected to lead to a greater diversity and abundance of 
associated organisms (Smith 1972; Krebs 2001). Various studies have used a variety of 
parameters to measure complexity such as rugosity, slope, and curvature (Huston 1979; 
Caley and St. John 1996; Halford and Caley 2009; Friedlander et al. 2010); as well as 
refuge holes, reef height and benthic composition (Coker, Graham, and Pratchett 2012). 
Within the marine environment, areas characterized by reefs or rocks serve as refuge and 
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are known for high diversity and abundance of reef fishes (Ebeling et al. 1980; Steele 
1999). Given the large amount of environmental variation that determines fish species’ 
distributions, a first step toward implementing an ecosystem approach to fisheries is to 
quantify the co-occurrence of fishes within assemblages (Mahon and Smith 1989; 
Tolimieri and Levin 2006; Nogueira, Paz, and Gonzalez-Troncoso 2013); and for a 
regional assessment, it is necessary to determine how the environment structures fish 
assemblages. 
 There have been previous important fish assemblage studies over natural habitat 
in the SEUSA ranging from early region-wide scales (Struhsaker 1969; Miller and 
Richards 1980; Grimes, Manooch, and Huntsman 1982; Sedberry and Van Dolah 1984) 
to more recent, localized research such as in Gray’s Reef National Marine Sanctuary 
(Kendall, Bauer, and Jeffrey 2009), off North Carolina (Burge et al. 2012), and the shelf 
edge (Barans and Henry 1984; Quattrini and Ross 2006; Schobernd and Sedberry 2009), 
as well as assessments of assemblages based on commercial and recreational fishery-
dependent data (Shertzer and Williams 2007; Shertzer, Williams, and Taylor 2009). 
However, there are no studies investigating environmental influences on fish assemblage 
structure based on the SERFS utilizing chevron traps and complementary video.  Patterns 
of biodiversity are best extrapolated from fishery-independent data (Jay 1996; Collie, 
Wood, and Jeffries 2008). The expansive spatial coverage of the SERFS long-term 
survey coupled with the ability to obtain a large amount of unbiased fishery-independent 
data, provides the best opportunity to develop a region-wide assessment of assemblages. 
Providing this data to fisheries managers will enhance efforts to assist and monitor 
marine protected areas (MPAs), and provide a reference from which to monitor shifts in 
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fish assemblage structure due to disturbance such as fishing pressure, climate change, 
major storms, and invasive species. The purpose of this chapter is to expand our 
understanding of environmental structuring of reef fish assemblages in the SEUSA 
utilizing data collected SERFS annual surveys over three years. Specifically, this study 
will focus on the following three questions: 1) What environmental variables structure 
fish species assemblages? 2) How are the assemblages distributed according to those 
environmental gradients? and 3) How do the various species contribute to the structure of 
the assemblages? 
2.2 MATERIALS AND METHODS 
Survey Design 
The overall SERFS chevron trap surveys occur on live-bottom habitats of the 
continental shelf and shelf edge (at depths~15-100 m), and typically extend from 27° N 
to 35° N off coast of the southeastern United States; however, this study was restricted to 
latitudes 32° N to 35° N from approximately Savannah, GA to Cape Hatteras, NC as part 
of the MARMAP program’s sampling region. The sampling season typically runs from 
mid-April through September during daylight hours.  Annually, stations were randomly 
selected for sampling from a database with a minimum distance of 200 m between 
stations (Fig. 2.1).  Chevron traps (see Collins, [1990] for details) are one of several gear 
types used by MARMAP since 1988 for data collection, and they have been used with 
standardized protocols since 1990. Beginning in 2011, as part of the collaborative effort 
with the SEFIS, all traps used by the SERFS were equipped with a Canon Vixia HFS200 
video camera mounted above and facing away from the trap opening (hereinafter referred 
to as external cameras) and a GoPro Hero (models 2-4) video camera mounted above and 
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facing away from the back of the traps. In 2015, all Canon cameras were replaced with 
GoPro Hero 4 cameras (Fig. 2.2). Traps baited with clupeids are set on live-bottom areas 
where each trap is left to soak for approximately 90 min.  Up to six traps are fished at the 
same time, one per station, and each is assigned a collection number.  All camera settings 
remained constant and were set to record continuous video during the entire soak period.  
Depth (m), latitude, longitude, bottom temperature (°C), time of day and soak time were 
recorded as part of the standard SERFS sampling protocol.  Temperature and other 
physical oceanography data were determined from a SEABird 19 or 25 Conductivity, 
Temperature, and Depth recorder (CTD). Fish caught inside the trap and external videos 
were processed per SERFS survey standardized protocols. Fish caught inside the traps 
were processed for species-specific abundance, biomass, and length frequency per 
standardized sampling protocols. Videos taken from each trap were uploaded to the 
computer and placed in files per the collection number. 
Environmental Data Collection 
Temporal, spatial, and other physical variables initially considered for analyses 
include time of day, month, year, latitude (decimal degrees), longitude (decimal degrees), 
distance to shelf-edge (km); depth, and bottom temperature (°C).  For time of day, sunrise 
and sunset timetables were obtained from Astronomical Applications Department, U. S. 
Naval Observatory (2016), and used with GMT of each trap deployment to divide times 
into crepuscular (1 hour before and after sunrise and sunset) and daytime periods. 
Distance to shelf-edge was selected as a proxy for potential influences from Gulf Stream 
(or conversely, distance from shore as a proxy for fishing pressure) and was calculated 
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via a Near analysis (NEAR_DIST) in ArcGIS using a straight-line distance from each 
sample point to the shelf edge (i.e. 100 m isobath). 
Habitat characteristic criteria for surface geologic and biotic components (ordinal 
variables) were estimated from each external video camera. The surface geologic 
components include: surface geologic class (dominant geologic type), seafloor 
morphology, substrate vertical relief, substrate size, and undercut height. Biotic 
components include biotic type (dominant growth as faunal vs. macroalgal), biota height, 
and percent cover of biota (Table 2.1).  Observations began during the descent of the trap 
to enable the observer to view a larger area around the trap in the event the view of the 
landscape was obstructed after landing on the bottom. One frame from each video that 
provided an unobstructed view of the habitat was used. Video data from each external 
trap camera was then combined by visually estimating the max height of substrate and 
biota and the mean percentage of substrate and biota densities. Coral Point Count with 
Excel extensions (CPCe) (Kohler and Gill 2006), a Visual Basic program that uses 
random point count methodology, was used in cases where it was difficult for the 
observer to visually estimate percent cover.  For those samples, an image was taken from 
each video where no fish appeared to obstruct the view of the substrate. The image was 
then imported into CPCe, where the substrate only was manually selected with a border. 
Data point distribution consisted of 25 simple random points placed on the substrate. 
Each point was identified as either substrate or biota. The random point placement and 
identification process was repeated three times; after which the mean of the three trials 
and subsequent percentages were calculated and imported into an Excel spreadsheet. 
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Fish species data collection 
No single sampling method adequately assesses all species and life stages 
(Weaver, Magnuson, and Clayton 1993). Most gears are selective for species, size, and 
species behavior and are not equally efficient in all habitat types (Shoup et al. 2003; 
Hayes, Ferreri, and Taylor 2012; Hubert, Pope, and Dettmers 2012; Baker et al. 2016). 
However, the use of multiple gears can mediate selectivity biases, provide 
complementary rather than redundant assemblage information, and therefore provide 
more robust estimates of assemblage composition (Weaver, Magnuson, and Clayton 
1993; Shoup et al. 2003; Lapointe et al. 2006; Ruetz et al. 2007; Baker et al. 2016). In 
addition to biases from gear selectivity, only currently managed (priority) species were 
accounted for in video; therefore, individual chevron trap catches and external video data 
collected from 2013-2015 were utilized to include the greatest number of species 
possible. Only those species that occurred more than five times over the sampling period 
were considered for analyses. Gear selection for abundances of remaining fish species 
were based on the following criteria: 1) Trap catch abundances (total abundance per trap 
per species) were used for species not enumerated in videos; 2) Video abundances were 
used for species not typically caught in traps; and 3) If a species is typically encountered 
by both gears, then only the gear with the highest frequency of occurrence (FO) was used 
(Fig. 2.3). Video abundances were measured as MaxN (MaxNO, MinCount), which is 
defined as the maximum number of each species observed in a single frame per viewing 
interval and is commonly used as a conservative estimate of relative abundance as it 
avoids repeat counts of the same individuals. MaxN is quite often obtained over a 
continuous reading period, however, procedures in deployment and reading intervals vary 
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among studies (Ellis and DeMartini 1995; Willis and Babcock 2000; Gledhill 2001; 
Watson et al. 2005; Cappo 2010; Martinez et al. 2011; Merritt et al. 2011). Using 
underwater video to enumerate fish is extremely time consuming, therefore, for 
efficiency and inclusion of the greatest number of videos possible for this study, viewing 
intervals were every 30 seconds over 20 consecutive minutes of footage, 10 minutes after 
the trap settled on the seafloor. Due to differences in resolution and field of view between 
Canons and the GoPros used as replacements in 2015, species abundances for 2015 were 
adjusted using results from a calibration study (N. M. Bacheler, NMFS-Beaufort, 
personal communication). 
Data Analyses 
Multivariate statistical tests and ordinations were performed to examine patterns 
in community structure using PRIMER-e with PERMANOVA + (version 7.0.11, 
PRIMER-E Ltd., Plymouth, U.K.) (Clarke and Gorley 2015). Initially, pairwise 
scatterplots and an associated correlation matrix between all environmental variables 
were performed to detect collinearity. Longitude was removed from further analysis due 
to high correlation with latitude (|ρ ≥ 0.9|) (Clarke and Gorley 2015). The environmental 
data was normalized to put variables on a common scale, and the resemblance matrix was 
calculated based on Euclidean distance. Species data were standardized by samples 
(relative percentages) to account for sampling differences (Clark et al. 2014), fourth-root 
transformed to down-weight the contribution of quantitatively dominant species, and a 
Bray-Curtis similarity resemblance matrix was constructed. 
Distance Based Linear Modeling (DistLM), which is analogous to multiple 
regression, was performed on the Bray-Curtis similarity matrix to determine the 
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proportion of variation explained by the environmental variables. The BEST selection 
procedure using Bayesian Information Criterion (BIC; Schwarz, 1978) selection criterion 
based on 999 permutations was used to determine which environmental variables 
explained the greatest proportion of variance and for optimal model fit. The BEST 
procedure examines the value of the selection criterion for all possible combinations of 
predictor variables. A distance based redundancy analysis (dbRDA) was used to visualize 
the fitted model in multi-dimensional space (Clarke and Gorley 2015). dbRDA is a 
multivariate multiple regression of PCO axes on predictor variables and is constrained to 
locate linear combinations of the predictor variables which explain the greatest variation 
in the data cloud ( Legendre and Anderson 1999; Anderson, Gorley, and Clarke 2008). 
The environmental variables that explained the most variation in the marginal tests were 
subsequently analyzed across factors, as well as levels within factors, to determine 
statistical significances with one-way and pair-wise permutational multivariate analyses 
of variance (PERMANOVA) respectively, based on 999 permutations. PERMANOVA is a 
linear modelling procedure that uses permutations to generate a distribution of the test 
statistic under the null hypothesis (Anderson, Gorley, and Clarke 2008).  
Finally, because community indices alone do not explain structure of the 
assemblages, the SIMPER routine was applied to the environmental factors selected by 
DistLM that explained the greatest proportion of variation to determine similarity. 
Distance to shelf edge was not included in the SIMPER analyses due to complex 
interactions with latitude that make it difficult to examine assemblages along its gradients 
in this manner. SIMPER was also used to identify which fish species contributed most to 
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within-group similarity (which species were dominant within or typified the groups) 
across each environmental gradient (factor level of each environmental variable). 
2.3 RESULTS 
 A total of 1510 samples comprised 43,800 specimens from 22 species captured in 
traps and 9,563 specimens from 20 species observed on videos. Overall, Black Sea Bass 
(Centropristis striata) was the most frequently captured species (56.8%), and was also 
the most abundant species (n=21,788). Red Porgy (Pagrus pagrus) had the second 
highest frequency of occurrence (51.8%), although it was the 5th most abundant species 
(n=2,244) (Table 2.2). 
 A total of 14 environmental variables were initially included in the analyses. The 
DistLM marginal tests indicated that each of the 14 variables was individually statistically 
significant (P < 0.001); however, distance to shelf edge, depth, substrate vertical relief, 
and substrate size explained the greatest proportions of variation individually (19%, 15%, 
4%, and 4%, respectively) (Table 2.3). The analysis also indicated two overall BEST 
model selections with identical BIC (11720) and R2 values (0.268) values.  The first 
model included distance to shelf edge, depth, substrate vertical relief, latitude, 
temperature, % biotic cover, and biotic class. The second model included distance to 
shelf edge, depth, substrate size, latitude, temperature, % biotic cover, and biotic class. 
The first two dbRDA axes explained 24.3% of the fitted variation for the BEST BIC 
model, while all six axes explained 27.3% cumulatively (Fig. 2.4). One-way 
PERMANOVAs revealed the environmental variables within the models selected by 
DistLM procedure were significant in isolation (P=0.001), however, the test also revealed 
several interactions between variables (Table 2.4). The pair-wise PERMANOVAs 
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performed between each gradient level for each of these factors were also significant at 
that level (Table 2.5).  
The SIMPER results (Table 2.6) for depth revealed the greater number of species 
contributing ≥5% individually occurs in the mid to outer shelf depths. There was a 
noticeable shift in dominance from small-bodied species such as Black Sea Bass, 
Stenotomus spp., Tomtate (Haemulon aurolineatum), Red Porgy, and Bank Sea Bass 
(Centropristis ocyurus) to large-bodied predator species such as groupers and jacks at 
depths of approximately >41 m. Black Sea Bass, Stenotomus spp. and Tomtate appear to 
dominated the inner and mid-shelf depths (10-40 m) at which point the dominance shifted 
to species such as Red Porgy, Almaco Jack (Seriola rivoliana), and Scamp 
(Mycteroperca phenax) along the outer shelf and shelf break. It is notable that 
individually, Red Porgy exhibited the widest distribution across the shelf depth zones. 
The SIMPER results for substrate vertical relief (Table 2.7) revealed the greater number 
of species contributing ≥5% to an assemblage occurs in areas of moderate relief. Here 
there was a noticeable shift, again, from small-bodied species dominant in areas with 
none to low relief to assemblages that include large-bodied predator species such as 
Scamp and Almaco Jack. Black Sea Bass, Red Porgy, and Tomtate dominated areas of 
none to moderate relief, whereas Red Porgy, Tomtate, and Lionfish (Pterois spp.) 
dominated areas that exhibited high relief. Red Porgy and Tomtate had the widest 
distribution as strong contributors within assemblages across all levels of vertical relief. 
Conversely, Stenotomus spp. primarily appeared in assemblages in areas that did not 
exhibit any vertical relief, while Scamp, Almaco Jack, and Lionfish are more limited to 
areas of moderate to high relief. Although Vermilion Snapper (Rhomboplites aurorubens) 
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did not appear as a high contributing species amongst assemblages that typified each 
depth zone, it did appear as part of the typical assemblages that occur in areas that 
exhibited at least some level of vertical relief. The SIMPER results for substrate size 
(Table 2.7) showed the greater number of species contributing ≥5% in areas of coarse to 
continuous substrate. Red Porgy, Black Sea Bass and Tomtate were widely distributed as 
top contributors across all substrate size gradients. Stenotomus spp. primarily appeared 
limited in areas with no apparent consolidated substrate while on the other hand, Scamp 
and Lionfish were more limited to areas with coarse-continuous substrate. 
2.4 DISCUSSION  
 The decline of fish stocks targeted by fisheries can subsequently alter the structure 
of communities (Hooper et al. 2005; Gaston and Fuller 2008; Zhou et al. 2010). The 
single species approach to fisheries management as it is largely conducted today, does not 
take into consideration the complexity of environmental and interspecific interactions 
(NMFS 2009). An initial step towards implementing an ecosystem approach to fisheries 
is to quantify the co-occurrence of fishes within assemblages (Mahon and Smith 1989; 
Tolimieri and Levin 2006; Nogueira, Paz, and Gonzalez-Troncoso 2013) and how these 
assemblages are structured by the environment. While current management in the 
southeastern U.S. Atlantic (SEUSA) is greatly dependent on fishery-independent data 
(FID) derived from the long-term, region-wide, Southeast Reef Fish Survey (SERFS), 
there have been no recent, region-wide assessments of fish assemblages and their 
relationship with environmental factors based on this survey. Identifying environmental 
influences on fish assemblage structure and how those assemblages differ along 
environmental gradients provides information necessary for the conservation and 
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management of species throughout the region including information crucial to the 
development of effective marine protected areas. It also provides a baseline to monitor 
shifts in community structure from disturbances such as fishing pressure, climate change, 
major storms, and invasive species. Using data based on a fishery-independent survey 
provided a unique opportunity to obtain region-wide, unbiased data over several years. 
Additionally, the use of complementary gears (video cameras mounted on chevron traps) 
helped to mediate some bias in gear selectivity (Weaver, Magnuson, and Clayton 1993; 
Shoup et al. 2003; Lapointe et al. 2006; Ruetz et al. 2007; Baker et al. 2016), which 
enabled a greater number of species to be examined. Underwater videos provided a 
unique opportunity to characterize the geologic and biotic variation in hard bottom 
habitats in the SEUSA, which combined with spatial, temporal, and bottom temperature 
information has enabled the identification of environmental variables, and a combination 
thereof, that exhibit the strongest influence on fish assemblage structure. 
 The DistLM analysis suggested fish assemblages are primarily structured by 
distance to shelf edge, depth, and substrate vertical relief, (or substrate size), followed by 
latitude, bottom temperature, % biotic cover, and biotic class.  Most fish species 
distribution and assemblage research typically include depth, latitude, temperature and 
some form of geologic or biotic attributes to explain variation, while distance to shore or 
shelf edge appears to be less commonly used. However, when distance to shelf edge or 
distance to shore was utilized in previous research as a structuring variable for species 
assemblages, the results are consistent with this study (Pittman and Brown 2011; Gibran 
and Leão de Moura 2012; Pearson and Stevens 2015; MacDonald, Bridge, and Jones 
2016). Distance to shelf edge and depth differ in that the areal extent of each depth zone 
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depends on the bathymetric contours of the shelf, while distance to shelf edge is 
calculated as the linear distance to the closest point to the 100-m isobath. Depth and 
distance to shelf edge along the southeastern United States also vary across latitudes as 
exemplified by the interaction shown in PERMANOVA tests (Table 2.4). The interactions 
elucidated by PERMANOVA are not surprising, as there are expected interactions 
between most environmental variables: e.g. shallower depths will experience lower 
temperatures in winter (Willems et al. 2000). In a previous study, Austin et al. (1984) 
defined three types of environmental variables: resource (matter and energy consumed), 
direct (physiological relevance such as temperature and pH), and indirect (depth, 
geology, habitat type, etc.). Most variables in this study were indirect. Indirect variables 
typically replace combinations of different resource and direct variables (Guisan, Weiss, 
and Weiss 1999). Here, distance to shelf edge and depth serve as proxies for a multitude 
of more specific environmental mechanisms such as wave energy, light penetration, 
closeness to Gulf Stream and influences from intrusions and/or fronts such as 
productivity, temperature, and salinity (Tolimieri and Levin 2006).  For instance, areas of 
shallow depths where the shelf narrows to 30 km along North Carolina may be more 
heavily influenced by effects from the Gulf Stream than those same depths off northern 
Georgia and South Carolina where the shelf widens to approximately 120 km. 
Conversely, areas furthest away from the shelf edge (those closest to shore) are exposed 
to increased fishing pressure that can confound results as there may be some areas with 
what appear to be suitable or preferred habitat, but low in richness or abundance. 
Additionally, fisheries typically target large bodied predators such as snappers and 
groupers, and this study revealed fewer large bodied predator species contribute to 
30 
 
similarities in shallower depths, close to shore. This may be a result of increased fishing 
pressure closer to shore or these species may prefer areas deeper and closer to the shelf 
edge for other environmental reasons (e.g. currents, nutrients, prey abundances, 
thermoclines, reproduction) (Costa et al. 2014). 
 Although most species in this study overlapped across depth, substrate vertical 
relief, and substrate size gradients as depicted by the SIMPER analyses; the individual 
percent contribution differed, and there were significant differences (habitat partitioning) 
in overall assemblage structure between the lower and higher extremes of the variables 
tested. The greatest number of species typifying assemblages occurred in mid-outer shelf 
depths (21-60 m) that exhibited higher substrate complexity (continuous substrate with 
moderate relief). Substrate complexity, defined by various methods in many studies, has 
proven to be a strong driver of species distributions and an indicator of increased richness 
in previous studies (Huston 1979; Caley and St. John 1996; Halford and Caley 2009; 
Friedlander et al. 2010, Coker, Graham, and Pratchett 2012). It is well documented that 
greater structural complexity provides a greater amount of surface area for bottom-up 
trophic processes, and refuge from predators (Smith 1972; Crowley 1978; Crowder and 
Cooper 1982; Wilson, Graham, and Polunin 2007).  
 This study also elucidated species that may exhibit habitat specificity and 
generality. Habitat generalists are species with broad across-shelf distributions, while 
specialists are more restricted to limited environmental gradients (Fitzpatrick et al. 2012). 
For example, Black Sea Bass (Centropristis striata) and Red Porgy (Pagrus pagrus) 
exhibited the greatest individual contribution to within-group similarity across most 
depth, substrate vertical relief, and substrate size gradients. However, Red Porgy 
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appeared to have the widest distribution across gradients for all three variables even 
though it was only the 5th most abundant species in this study. Therefore, Red Porgy may 
be considered a habitat generalist across live bottom areas in this region. Results of this 
study also indicated which species may have comparatively more restrictive 
requirements. For example, Scamp (Mycteroperca phenax) and Almaco Jack (Seriolia 
rivoliana) appear to prefer areas that are deeper and exhibit greater complexity such as 
moderate-high vertical relief (>0.3 m) and increasing substrate size. Habitat specialists 
are not as resilient to disturbance as generalists, which can have severe implications for 
management of those stocks (Vázquez and Simberloff 2002) and ultimately result in 
overall changes in community structure.  This study has also provided further evidence 
that the invasive Lionfish (Pterois spp.) has proliferated throughout the region with 
significant individual contributions to assemblages in areas with coarse-continuous 
substrate of moderate-high vertical relief (>0.3) relief in the outer shelf area. 
 Assemblages did not appear to be driven by time of day or month. One 
explanation for this is that no sampling was conducted during evening twilight hours, 
limited sampling was done during morning twilight hours, and the majority of sampling 
was conducted during the day. Although studies have shown some species (e.g. groupers, 
snappers, jacks, grunts) are more active during crepuscular periods (Holbrook, Brooks, 
and Schmitt 2001; Randall 1967) due to a combination of environmental, physiological, 
and behavioral factors, many of these fishes (and predatory fishes in general), are highly 
opportunistic and will feed any time of the day or night (Helfman et al. 2009). Another 
explanation is that the sampling effort was restricted to months that range from late 
spring to early fall (mid-April through September); therefore, there is little change in 
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seasonality over this time frame. Additionally, analyses were based on a relatively short 
time series over three years (2013-2015), so it is not surprising that year did not dictate 
patterns in assemblages. 
 It must be noted that during the sampling period for this study, video samples 
were not examined for non-managed species, and trap selectivity results in the exclusion 
of fish too small to be retained by the traps, or those that are “trap wary”. Despite these 
limitations, however, this study has shown significant environmental (especially depth, 
substrate vertical relief, and substrate size) structuring of reef fish assemblages which has 
important implications for fisheries management. Knowing which environmental factors 
drive assemblages helps to identify where to focus monitoring efforts. Additionally, it is 
important to understand which assemblages are limited to specific environmental 
requirements as they may have increased vulnerability to disturbance, such as fishing 
pressure, climate change, or invasive species. It is therefore necessary to document 
variability in assemblages and associated habitats to better understand and monitor fish 
assemblage indicators, changes in population abundance, presence/absence of key 
species, modifications of local assemblages, and measures of ecological health – all 
critical information for stock assessments and management.  
Future recommendations 
 Based on these analyses, future efforts would benefit from incorporating size 
relationships, trophic levels, and known diets to better understand interspecific 
relationships within the assemblages and to provide a more comprehensive understanding 
from an ecosystem based perspective. It is recommended that more in-depth studies 
regarding assemblage structure incorporate non-targeted/non-priority fish species to 
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provide additional insight into behavioral mechanisms (e.g. predator-prey relationships, 
diets), that shape structure within assemblages. Current efforts are underway (since 2015) 
within the SERFS program to account for the presences of non-priority species (those not 
targeted by fishermen) in video. However, it may also be necessary to account for 
abundances of those species known to be common prey for larger predator species such 
as groupers and Red Snapper. 
 Furthermore, this study revealed key environmental drivers that require additional 
investigation. Although distance to shelf edge was found to be the most important driver 
of assemblages off North Carolina and South Carolina, it is necessary to clarify the actual 
driving forces that distance to shelf edge is serving as a proxy for. To do this, it is 
essential to obtain information regarding specific environmental factors associated with 
shelf edge areas (e.g. currents, upwellings), as well detailed information regarding fishing 
effort (amount of fishing and where it is concentrated). Additionally, provided that this 
study has found geologic factors to also be important structuring drivers for fish 
assemblages, and the extent of these patchy hardbottom areas is unknown in the Atlantic 
off the southeastern United States, it is recommended that bathymetric surveys are 
expanded to obtain more accurate, detailed geologic measurements and to determine the 
actual habitat availability in this region.  
Conclusion 
 As targeted fish stocks decline, the loss of previously abundant and/or keystone 
species can alter the structure, function, and sustainability of ecosystems (Hooper et al. 
2005; Gaston and Fuller 2008; Zhou et al. 2010). To increase sustainability, conserve 
diversity and improve stock assessments, it is necessary to utilize an ecosystem approach 
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to include relationships between fish, habitat and benthic communities, and scientific data 
regarding diversity (NMFS 2009). Quantifying the co-occurrence of fishes within 
assemblages is a first step toward an ecosystem approach (Mahon and Smith 1989; 
Tolimieri and Levin 2006; Nogueira, Paz, and Gonzalez-Troncoso 2013). This study is an 
initial investigation into environmental structuring of reef fish assemblages in the 
southeastern U.S. Atlantic based on the SERFS survey using fishery-independent data 
from chevron traps and complementary video. Conducting this research as part of a 
fishery-independent survey has provided the opportunity to obtain a list of co-occurring 
species and how the assemblages are structured by the environment. The results of this 
study can be used to guide determination and management of protected areas and 
examine species vulnerability to disturbances and shifts in fish assemblage structure such 
as fishing pressure; climate change; and invasive species. Finally, the acquired data can 
further inform subsequent studies requiring knowledge of co-occurring species and 
environmental relationships. 
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Table 2.1. Habitat classification of geologic and biotic hardbottom habitat variables obtained from Southeast Reef Fish Survey video 
in the southeastern U.S. Atlantic Ocean from approximately Cape Hatteras, NC to Savannah, GA (2013-2015). 
Geologic component Biotic component 
Surface geologic class [1] – Unconsolidated: fine sediment Biotic type [1] – Uncolonized – no apparent biotic growth to < 2% cover 
 [2] – Unconsolidated: mixed sediment (fine/shell)  [2] – Algae Bed - >50% macroalgae 
 [3] – Mixed bottom: covered pavement/fine sediment  [3] – Approximately 50/50 mixed macroalgae bed and live bottom 
 [4] – Mixed bottom: rock outcrops/fine sediment  [4] – Live bottom – >50% coral/sponge/faunal reef, faunal bed 
 [5] – Mixed bottom rock outcrops/ shell  [5] – Unknown class of live bottom  
 [6] – Mixed bottom: covered pavement/mixed fine sediment/shell Biotic relief [0] - None 
 [7] – Mixed bottom: rock outcrops/mixed fine sediment/shell  [1] -Low profile ≥ 75% (includes turf, crustose, and emergent biota) 
 [8] – Covered pavement  [2] - Mixed approximately 50% of [1] and [3] 
 [9] – Rock outcrops  [3] - High profile ≥ 75% biotic growth ~ ≥ 0.15 m (6 inches) 
Seafloor morphology [0] - Flat  % Biotic cover [0] – Bare 0-2% cover 
 [1] - Ripples - waves  [1] – Sparse 2-33% cover 
 [2] - Irregular (large mounds/hills, ledges, etc.)  [2] – Moderate 34-66% cover 
 [3] - Ripples-waves and irregular  [3] – Dense 67-100% 
Substrate vertical relief [0] – No rock outcrops present   
 [1] – Low relief: approximately < 0.3 m   
 [2] – Moderate relief: approximately > 0.3 – 1 m   
 [3] – High relief: approximately > 1 m   
Substrate size [0] - No consolidated substrate present 
  
 [1] – Small to Coarse: ≥50% of consolidated substrate <1 m diameter 
  
 [2] – Coarse to Continuous: ≥50% of consolidated substrate >1 m diameter 
  
Undercut height [0] – No undercut present 
  
 [1] – Low relief: approximately < 0.3 m 
  
 [2] – Moderate relief: approximately > 0.3 – 1 m 
  
 [3] – High relief: approximately > 1 m 
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Table 2.2. Complete list of (n=42) enumerated reef fish species from (N=1510) samples 
taken in the southeastern U.S. Atlantic from approximately Cape Hatteras, NC to 
Savannah, GA (2013-2015) by frequency of occurrence, %FO (percent frequency of 
occurrence), abundance, and gear from which species data was derived.  
Common Name Taxa Frequency %FO Abundance Gear 
Black Sea Bass† Centropristis striata 857 57 21788 Trap 
Red Porgy† Pagrus pagrus 782 52 2244 Video 
Tomtate Haemulon aurolineatum 608 40 11630 Trap 
Gray Triggerfish† Balistes capriscus 490 32 1559 Trap 
Vermilion Snapper† Rhomboplites aurorubens 403 27 4518 Video 
Bank Sea Bass Centropristis ocyurus 392 26 1156 Trap 
White Grunt† Haemulon plumierii 340 23 1959 Trap 
Almaco Jack† Seriola rivoliana 297 20 455 Video 
Greater Amberjack† Seriola dumerili 279 18 496 Video 
Stenotomus spp Stenotomus spp 276 18 4045 Trap 
Sand Perch Diplectrum formosum 248 16 678 Trap 
Scamp† Mycteroperca phenax 240 16 371 Video 
Lionfish† Pterois spp 214 14 316 Video 
Red Snapper† Lutjanus campechanus 171 11 289 Video 
Hogfish† Lachnolaimus maximus 119 8 147 Video 
Spottail Pinfish Diplodus holbrookii 116 8 486 Trap 
Knobbed Porgy Calamus nodosus 106 7 172 Trap 
Gag† Mycteroperca microlepis 103 7 136 Video 
Banded Rudderfish† Seriola zonata 72 5 219 Video 
Planehead Filefish Stephanolepis hispidus 72 5 110 Trap 
Sand Tilefish† Malacanthus plumieri 67 4 75 Video 
Atlantic Sharpnose Shark† Rhizoprionodon terraenovae 66 4 116 Video 
Cobia† Rachycentron canadum 30 2 46 Video 
Graysby† Cephalopholis cruentata 27 2 43 Video 
Rock Hind† Epinephelus adscensionis 23 2 25 Video 
Blueline Tilefish† Caulolatilus microps 20 1 41 Trap 
Red Grouper† Epinephelus morio 20 1 21 Trap 
Snowy Grouper† Hyporthodus niveatus 17 1 28 Trap 
Yellowmouth Grouper† Mycteroperca interstitialis 14 1 14 Video 
Reef Butterflyfish Chaetodon sedentarius 13 1 28 Trap 
Whitebone Porgy Calamus leucosteus 13 1 17 Trap 
Reticulate Moray Muraena retifera 13 1 13 Trap 
Sandbar Shark† Carcharhinus plumbeus 13 1 13 Video 
Lesser Amberjack† Seriola fasciata 12 1 19 Video 
Gray Snapper† Lutjanus griseus 11 1 14 Video 
Blue Angelfish Holacanthus bermudensis 11 1 13 Trap 
Jackknife Fish Equetus lanceolatus 10 1 16 Trap 
Speckled Hind† Epinephelus drummondhayi 10 1 11 Trap 
Whitespotted Soapfish Rypticus maculatus 9 1 11 Trap 
Sharksucker Echeneis naucrates 9 1 10 Trap 
Nurse Shark† Ginglymostoma cirratum 7 0 7 Video 
Squirrelfish Holocentrus adscensionis 6 0 8 Trap 
† = species enumerated if encountered by both gears (traps and video) 
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Table 2.3. Summary of DistLM marginal test using the BEST selection procedure and 
BIC selection criterion to examine the proportion of variation (Prop.) explained by each 
factor individually (how much each variable explains in isolation, ignoring all other 
variables). P=statistical significance based on 999 permutations. 
 
 
Significance: *P<0.05; **P<0.01; ***P<0.001 
  
Marginal tests 
Variable SS(trace) Pseudo-F P Prop. 
Distance to shelf edge 862800 342.35 0.001 0.185 
Depth 683500 258.98 0.001 0.147 
Substrate vertical relief 185340 62.41 0.001 0.040 
Substrate size 177570 59.70 0.001 0.038 
Surface geologic component 136230 45.38 0.001 0.029 
Latitude 134980 44.95 0.001 0.029 
% Biotic cover 132480 44.09 0.001 0.028 
Temperature 132100 43.96 0.001 0.028 
Seafloor morphology 132090 43.96 0.001 0.028 
Undercut height 65230 21.39 0.001 0.014 
Month 48967 16.00 0.001 0.011 
Biotic relief 47559 15.54 0.001 0.010 
Biotic class 20954 6.81 0.001 0.004 
Time of day 9079 2.94 0.002 0.002 
 
Residual degrees of freedom: 1508 
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Table 2.4. Summary of PERMANOVA results based on 999 permutations for tests to 
determine one-way statistical significances of each of the eight factors in the models 
selected by the DistLM procedure with the BIC selection criterion; and pairwise statistical 
differences between each factor level of each of the three factors that explain the greatest 
proportion of variation determined by the marginal tests.  
One-way PERMANOVA  
Environmental variable df SS MS Pseudo-F P(perm) 
Depth 3 839020 279670 110.13 0.001*** 
Distance to shelf edge 5 1011600 202310 83.33 0.001*** 
Latitude 3 254340 84780 28.96 0.001*** 
Temperature 3 215250 71750 24.29 0.001*** 
Substrate vertical relief 3 208890 69629 23.54 0.001*** 
Substrate size 2 185440 92722 31.21 0.001*** 
Biotic class 4 145040 36260 12.08 0.001*** 
% Biotic cover 3 210140 70047 23.69 0.001*** 
Depth x Latitude 4 23420 5855.1 3.2062 0.001*** 
Depth x Temperature 7 39882 5697.5 3.1199 0.001*** 
Depth x Distance to shelf edge 3 20724 6907.9 3.7827 0.001*** 
Depth x Substrate vertical relief 7 16870 2410 1.3197 0.066 
Depth x Substrate size 5 9146.4 1829.3 1.0017 0.461 
Depth x Biotic class 6 14214 2369 1.2972 0.098 
Depth x % Biotic cover  8 16817 2102.1 1.1511 0.205 
Latitude x Temperature 7 45025 6432.2 3.5222 0.001*** 
Latitude x Distance to shelf edge 6 30508 5084.7 2.7844 0.001*** 
Latitude x Substrate vertical relief 6 11235 1872.5 1.0254 0.429 
Latitude x Substrate size 4 12176 3044 1.6669 0.023* 
Latitude x Biotic class 7 10642 1520.3 0.83248 0.786 
Latitude x % Biotic cover  6 17829 2971.6 1.6272 0.012* 
Temperature x Distance to shelf edge 9 48739 5415.4 2.9654 0.001*** 
Temperature x Substrate vertical relief 9 17214 1912.7 1.0474 0.376 
Temperature x Substrate size 6 8222.1 1370.3 0.75039 0.885 
Temperature x Biotic class 8 24441 3055.1 1.673 0.002** 
Temperature x % Biotic cover  8 19648 2456 1.3449 0.056 
Distance to shelf edge x Substrate vertical relief 8 13126 1640.7 0.89844 0.664 
Distance to shelf edge x Substrate size 5 10283 2056.7 1.1262 0.258 
Distance to shelf edge x Biotic class 10 20065 2006.5 1.0988 0.255 
Distance to shelf edge x % Biotic cover  11 24191 2199.2 1.2042 0.133 
Substrate vertical relief x Substrate size 1 1709.7 1709.7 0.9362 0.463 
Substrate vertical relief x Biotic class 6 21211 3535.2 1.9359 0.002** 
Substrate vertical relief x % Biotic cover  6 19140 3190 1.7468 0.005** 
Substrate size x Biotic class 2 3633.2 1816.6 0.99475 0.465 
Substrate size x % Biotic cover  4 8485.1 2121.3 1.1616 0.282 
Biotic class x % Biotic cover 4 6125.8 1531.4 0.83861 0.7 
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Table 2.5. Summary of PERMANOVA results based on 999 permutations for pairwise 
statistical differences between each factor level of each of the three factors that explain 
the greatest proportion of variation determined by the marginal tests. Groups (factor 
levels) in the pairwise PERMANOVA for depth are: 1= inner shelf (10-20 m), 2=mid-
shelf (21-40 m), 3=outer shelf (41-60 m), and 4=shelf break (>61 m); groups for substrate 
vertical relief are: 0=none, 1=low, 2=moderate, and 3=high; and groups for substrate size 
are: 0=non, 1=small-coarse, 2=coarse to continuous. 
Pairwise PERMANOVA          
Depth  Substrate vertical relief  Substrate size 
Groups t P(perm)  Groups t P(perm)  Groups t P(perm) 
1, 2 5.9 0.001***  0, 1 5.66 0.001***  0, 1 4.15 0.001*** 
1, 3 9.84 0.001***  0, 2 5.85 0.001***  0, 2 7.7 0.001*** 
1, 4 10.58 0.001***  0, 3 5.9 0.001***  1, 2 3.9 0.001*** 
2, 3 14.27 0.001***  1, 2 2.88 0.001***     
2, 4 10.83 0.001***  1, 3 3.95 0.001***     
3, 4 3.81 0.001***  2, 3 1.76 0.004**        
 
†Significance: *P<0.05; **P<0.01; ***P<0.001 
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Table 2.6. Results of the similarity percentage (SIMPER) analyses of fish assemblages (from standardized, fourth root transformed, 
Bray-Curtis similarity matrix of species abundance samples) testing for within-group similarities across factor levels for depth within 
the southeastern U.S. Atlantic, between approximately Cape Hatteras, NC and Savannah, GA, during 2013-2015. Only those species 
contributing to a cumulative 90% are included. Columns 2-6 for each habitat variable are average abundance (Avg. Abund), average 
Bray-Curtis similarity (Avg. Sim), ratio of similarity contribution to the standard deviation (Sim/SD), individual contribution % 
(Contrib %), and cumulative contribution % of the total within-group similarity (Cum %). 
Depth 
 
Species 
Avg. 
Abund. 
Avg. 
Sim Sim/SD Contrib % Cum % 
Inner shelf (10-20 m)  Avg. sim.: 60.17 
Black Sea Bass 2.90 51.23 2.85 85.14 85.14 
Stenotomus spp 0.93 5.74 0.47 9.54 94.68 
Mid-shelf (21-40 m)  Avg. sim.: 34.97 
Black Sea Bass 2.00 16.43 1.1 46.99 46.99 
Tomtate 1.17 5.32 0.61 15.22 62.21 
Red Porgy 0.76 2.89 0.47 8.26 70.46 
Bank Sea Bass 0.64 2.19 0.42 6.27 76.74 
White Grunt 0.61 1.60 0.34 4.59 81.32 
Gray Triggerfish 0.55 1.60 0.34 4.57 85.89 
Vermilion Snapper 0.56 1.31 0.32 3.74 89.64 
Stenotomus spp 0.52 1.27 0.25 3.62 93.26 
Outer shelf (41-60 m)  Avg. sim.: 23.70 
Red Porgy 1.47 10.25 0.71 43.26 43.26 
Gray Triggerfish 0.76 2.64 0.34 11.14 54.41 
Almaco 0.72 2.60 0.34 10.97 65.38 
Lionfish 0.57 1.52 0.27 6.43 71.81 
Scamp 0.49 1.16 0.27 4.9 76.71 
Greater Amberjack 0.48 1.15 0.21 4.85 81.56 
Tomtate 0.52 0.97 0.21 4.08 85.64 
Vermilion Snapper 0.51 0.92 0.21 3.9 89.54 
Knobbed Porgy 0.39 0.72 0.17 3.05 92.59 
Shelf break (>61 m)  Avg. sim.: 28.29 
Red Porgy 1.88 20.21 0.92 71.45 71.45 
Almaco 0.60 2.17 0.24 7.66 79.11 
Scamp 0.47 1.24 0.22 4.37 83.48 
Vermilion Snapper 0.45 1.02 0.17 3.61 87.09 
Blueline Tilefish 0.44 0.99 0.16 3.51 90.59 
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Table 2.7. Results of the similarity percentage (SIMPER) analyses of fish assemblages (from standardized, fourth root transformed, 
Bray-Curtis similarity matrix of species abundance samples) testing for within-group similarities across factor levels for substrate 
vertical relief and size within the southeastern U.S. Atlantic, between approximately Cape Hatteras, NC and Savannah, GA, during 
2013-2015. Only those species contributing to a cumulative 90% are included. Columns 2-6 for each habitat variable are average 
abundance (Avg. Abund), average Bray-Curtis similarity (Avg. Sim), ratio of similarity contribution to the standard deviation 
(Sim/SD), individual contribution % (Contrib %), and cumulative contribution % of the total within-group similarity (Cum %). 
Substrate vertical relief  Substrate size 
Species 
Avg. 
Abund. Avg. Sim Sim/SD Contrib % Cum %  Species 
Avg. 
Abund. Avg. Sim Sim/SD Contrib % Cum % 
None    Avg. sim.: 27.15  None     Avg. sim.: 26.85 
Black Sea Bass 1.73 14.39 0.74 53.02 53.02  Black Sea Bass 1.71 14.1 0.73 52.51 52.51 
Red Porgy 0.84 3.74 0.35 13.78 66.8  Red Porgy 0.84 3.75 0.35 13.95 66.46 
Stenotomus spp 0.67 2.29 0.31 8.42 75.22  Stenotomus spp 0.67 2.27 0.31 8.45 74.9 
Tomtate 0.6 1.73 0.31 6.36 81.59  Tomtate 0.6 1.7 0.31 6.33 81.23 
Gray Triggerfish 0.47 1.18 0.23 4.35 85.94  Gray Triggerfish 0.47 1.18 0.23 4.39 85.62 
Sand Perch 0.46 1.16 0.23 4.29 90.22  Sand Perch 0.46 1.16 0.23 4.33 89.95 
Low (< 0.3 m)   Avg. sim.: 26.40  Bank Sea Bass 0.39 0.89 0.23 3.31 93.26 
Black Sea Bass 1.42 8.02 0.62 30.38 30.38  Small-Coarse (≥50% is <1 m dia) Avg. sim.: 26.76 
Red Porgy 1.1 5.79 0.6 21.93 52.32  Black Sea Bass 1.51 9.2 0.67 34.37 34.37 
Tomtate 0.94 3.33 0.44 12.63 64.95  Red Porgy 1.07 5.6 0.55 20.92 55.29 
Gray Triggerfish 0.66 2.15 0.38 8.15 73.1  Tomtate 0.91 3.26 0.43 12.17 67.46 
Vermilion Snapper 0.62 1.53 0.31 5.78 78.87  Gray Triggerfish 0.66 2.14 0.37 7.98 75.44 
Bank Sea Bass 0.47 1.15 0.3 4.35 83.22  Vermilion Snapper 0.6 1.55 0.32 5.79 81.23 
White Grunt 0.47 0.95 0.26 3.62 86.84  Bank Sea Bass 0.46 1.17 0.3 4.35 85.58 
Almaco 0.36 0.66 0.19 2.48 89.32  White Grunt 0.43 0.81 0.23 3.04 88.62 
Greater Amberjack 0.35 0.59 0.17 2.25 91.58  Greater Amberjack 0.32 0.52 0.15 1.94 90.56 
Moderate (> 0.3 – 1 m)  Avg. sim.: 26.36  Coarse-Continuous (≥50% is >1 m dia) Avg. sim.: 25.49 
Red Porgy 1.11 5.45 0.64 20.68 20.68  Red Porgy 1.11 5.55 0.64 21.76 21.76 
Tomtate 1.2 4.94 0.58 18.75 39.43  Black Sea Bass 1.1 4.58 0.48 17.96 39.72 
Black Sea Bass 0.99 3.67 0.44 13.94 53.37  Tomtate 1.12 4.31 0.52 16.91 56.63 
Vermilion Snapper 0.79 2.14 0.36 8.12 61.49  Gray Triggerfish 0.6 1.7 0.34 6.68 63.31 
Scamp 0.61 1.66 0.4 6.28 67.77  Vermilion Snapper 0.69 1.65 0.32 6.47 69.78 
White Grunt 0.6 1.5 0.3 5.68 73.44  Scamp 0.53 1.34 0.31 5.26 75.05 
Almaco 0.55 1.32 0.33 5 78.44  White Grunt 0.55 1.25 0.3 4.89 79.93 
Lionfish 0.55 1.31 0.3 4.96 83.41  Lionfish 0.5 1.18 0.24 4.62 84.56 
Gray Triggerfish 0.54 1.28 0.28 4.86 88.26  Almaco 0.47 1.06 0.27 4.14 88.7 
Greater Amberjack 0.42 0.87 0.24 3.31 91.58  Greater Amberjack 0.39 0.74 0.22 2.88 91.58 
High (> 1 m)   Avg. sim.: 23.79        
Tomtate 1.36 6.41 0.63 26.96 26.96        
Red Porgy 0.95 3.74 0.51 15.73 42.69        
Lionfish 0.77 2.85 0.34 11.97 54.66        
Scamp 0.76 2.74 0.41 11.52 66.18        
Vermilion Snapper 0.68 1.43 0.3 6 72.18        
Almaco 0.5 1.17 0.27 4.93 77.11        
Hogfish 0.45 1.02 0.19 4.31 81.42        
Gray Triggerfish 0.44 0.91 0.27 3.84 85.26        
White Grunt 0.45 0.82 0.24 3.44 88.7        
Greater Amberjack 0.4 0.76 0.26 3.2 91.9        
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Figure 2.1. 2013-2015 MARMAP chevron trap-video sampling areas between 
approximately Cape Hatteras, NC south to Savannah, GA. 
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Figure 2.2. Chevron trap with camera placement indicated by red circles. 
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Figure 2.3. The frequency of occurrence for priority reef fish species captured in traps 
and observed in video between years 2013-2015 on the southeastern U.S. Atlantic 
continental shelf approximately between Cape Hatteras, NC and Savannah, GA. 
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Figure 2.4. dbRDA ordination of samples (Bray-Curtis resemblance matrix calculated 
from 4th root transformed abundance data) fitted to Pearson correlations for 
environmental variables. Ordination is based on BEST-fit DistLM using Bayesian 
Information Critenion (BIC) model with vectors representing the variables from the 
model (s).  Length and direction of vectors indicate the strength and direction of the 
relationship. Triangles represent samples (N=1510) 
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CHAPTER 3 
 
HABITAT DEFINITIONS AND ASSOCIATIONS OF 
GROUPERS AND RED SNAPPER 
ALONG THE SOUTHEASTERN U.S. ATLANTIC COAST 
 
3.1 INTRODUCTION 
Intensive fishing of large marine predator species has depleted populations of 
predatory fishes in most of the world’s oceans (Pauly and Palomares 2005; Estes et al. 
2011; McCauley et al. 2015). In demersal marine ecosystems, many species of groupers 
and snappers are considered top predators and are of great value to commercial and 
recreational fisheries (Sedberry and Van Dolah 1984; Parrish 1987; Mcgovern et al. 
2005; SAFMC 2016). As the demand for fishes continues to grow due to increasing 
human populations, advances in technology continue to enhance the ability to locate and 
capture fishes (Garcia and Rosenberg 2010; Eigaard et al. 2014). It is common practice to 
target top level, demersal predators such as groupers and snappers in tropical and 
temperate oceans (Smith 1972; Manooch 1987; Shapiro 1987; Sadovy 1994; Sadovy de 
Mitcheson et al. 2013), especially the larger, older individuals (McGovern et al. 1998; 
Law 2000; Heino and Godø 2002; Fenberg and Roy 2008; Zhou et al. 2010), that are 
preferentially targeted because of high consumer demand (McManus 1997; Coleman et 
al. 2000). The moderate- to large-bodied grouper and snapper species are particularly 
vulnerable to overexploitation because of their species-specific longevity, slow growth, 
late maturity, and life history characteristics 
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such as aggregate spawning behavior, reduced spawning period, and protogynous sex 
change (Manooch 1987; Shapiro 1987; Sadovy 1994; Musick 1999a, Musick 1999b; 
Coleman et al. 1999; Chiappone, Sluka, and Sealey 2000; Paddack et al. 2009; Sadovy de 
Mitcheson et al. 2013). In the western Atlantic Ocean off the southeastern United States, 
many of these economically valuable fish species populations are declining, undergoing 
overfishing, and/or are overfished. 
To conserve and manage these fish stocks within the federal 200-mile limit of the 
southeastern U.S. Atlantic (SEUSA), the South Atlantic Fisheries Management Council 
(SAFMC) manages 55 marine fish species represented by ten families within the snapper-
grouper complex: Balistidae, Carangidae, Ephippidae, Haemulidae, Labridae, Lutjanidae, 
Malacanthidae, Polyprionidae, Serranidae and Sparidae (SAFMC 2016). Fishery-
independent data utilized for stock assessments of many species in the snapper-grouper 
complex in the SEUSA have been supplied via chevron trap surveys conducted by the 
Marine Resources Monitoring, Assessment, and Prediction (MARMAP) program since 
1990, and the Southeast Reef Fish Survey (SERFS) since 2009. The SERFS represents 
the current collaborative work of three federally funded, fishery-independent monitoring 
programs studying reef fish species of the SEUSA: MARMAP (1990-present), the 
Southeast Area Monitoring and Assessment Program-South Atlantic Region (SEAMAP-
SA; 2009-present), and the Southeast Fishery-Independent Survey (SEFIS; 2010-
present). The SERFS samples known hard bottom habitats along the SEUSA continental 
shelf (oftentimes referred to as the South Atlantic Bight), which extends from 
approximately West Palm Beach, FL to Cape Hatteras, NC. The width of the shelf varies 
from approximately 30 km off Cape Hatteras, NC, out to its widest point of 120 km off 
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Georgia and South Carolina, then narrows again to 5 km off West Palm Beach, FL 
(Menzel 1993; Blanton et al. 2003). This region is exposed to many environmental 
influences due to its broad range. The oceanographic regime of the southeastern U.S. 
Atlantic continental shelf is mainly determined by dynamic coastal processes from depths 
0-45 m (e.g. seasonal atmospheric changes, tidal currents, local wind forcing, fresh water 
discharge) (Yoder et al. 1981; Atkinson 1985; Lee, Yoder, and Atkinson 1991; Blanton et 
al. 2003; Miles, He, and Li 2009; Fautin et al. 2010). Conversely, the Gulf Stream 
generally meanders along the 100-m isobaths, but can influence the oceanographic 
regime of the outer to mid-shelf region (~45-100 m depths) on weekly time scales (Lee, 
Atkinson, and Legeckis 1981; Lee and Atkinson 1983; Lee, Yoder, and Atkinson 1991; 
Blanton et al. 2003; Miles, He, and Li 2009; Fautin et al. 2010). Relatively stable 
temperatures (18-22° C) and salinity (36.0 - 36.2) are observed near bottom, just inshore 
of the shelf break, which is bordered by seasonally variable inshore waters on one side 
and fluctuating offshore waters on the other, and is subject to cold eddy/upwelling events 
and warm Gulf Stream intrusions (Yoder et al. 1981; Atkinson 1985; Lee, Yoder, and 
Atkinson 1991; Blanton et al. 2003; Miles, He, and Li 2009; Fautin et al. 2010).  In 
addition to broad-scale environmental influences, it is widely known that variation in 
physical, or micro, habitat also plays a role in species’ distributions. 
Hard bottom communities of the SEUSA are complex and diverse. Patchy areas 
of sand-veneered and rocky outcrop hard bottom areas occur throughout the SEUSA 
(Powles and Barans 1980; Sedberry and Van Dolah 1984). These mesophotic hard 
bottom areas provide substrate for persistent and dependent biological communities that 
are also termed “live bottom” (Riggs et al. 1996). These are ecologically important 
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resources that provide habitats necessary to the life history of many ecologically and 
economically important fish species (Powles and Barans 1980; Sedberry et al. 2006) 
including large-bodied predators such as: Scamp (Mycteroperca phenax), Gag (M. 
microlepis), Yellowmouth Grouper (M. interstitialis), Red Grouper (Epinephelus morio), 
Snowy Grouper (Hyporthodus niveatus) and Red Snapper (Lutjanus campechanus). 
These species exhibit low proportion positive (e.g. low abundances and low frequency of 
occurrence) and are subsequently data deficient, particularly regarding habitat in this 
region. Several important previous studies linking one or more of these economically and 
ecologically important species to the environment in the SEUSA have been informative, 
but limited, and have focused in particular on spawning areas (Koenig et al. 2000; 
Sedberry et al. 2006; Farmer et al. 2017); localized areas such as hard bottom habitats 
near Cape Fear, NC (Burge et al. 2012), Gray’s Reef National Marine Sanctuary 
(Kendall, Bauer, and Jeffrey 2008); and shelf edge/upper slope within proposed marine 
protected areas (Schobernd and Sedberry 2009). Additional studies examined species’ 
distributions linked to broad-scale environmental distributions such as depth related 
distributions of postjuvenile Red Snapper (Mitchell et al. 2014) and multispecies spatial 
distributions based on video presence-absence of species observed during SERFS surveys 
(Bacheler et al. 2016). However, there have been no region-wide assessments in the 
SEUSA based on fishery-independent data and utilizing micro-habitat information (e.g. 
geologic and biotic factors) alongside broad-scale variables (e.g. depth, latitude, 
temperature) in a multivariate framework that examines environmental associations with 
these focal reef fish species individually, and together, in an ecological context. 
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This study provides species-specific habitat identification and preferences for 
Scamp, Gag, Yellowmouth Grouper, Red Grouper, Snowy Grouper, and Red Snapper. 
Identifying habitat preferences of these heavily targeted predators is necessary for the 
standardization of relative abundance indices for stock assessments. Measures of relative 
abundance, estimated using catch per unit effort (CPUE) data, are an essential data source 
in many stock assessments (Polacheck, Hilborn, and Punt 1993; Cooper 2006; Lima 
2011). The environment potentially influences CPUE in that it plays a role in species 
distribution, availability, detectability, and therefore, catchability (Hinton and Nakano 
1996; Bigelow, Hampton, Miyabe 2002; Hinton and Maunder, 2003; Bacheler et al., 
2014) It is critical, therefore, that CPUE data provided to an assessment is standardized to 
account for interactions, or factors, that may influence catchability in the development of 
the index (Hinton and Maunder 2003). 
This study also examines environmental niche utilization between Scamp, Gag, 
Yellowmouth Grouper, Red Grouper, Snowy Grouper, and Red Snapper. Niche overlap 
is evident when resources are shared by more than one “organismal unit”. However, 
niches typically only partially overlap where resources are shared, while other resources 
are used exclusively by each organismal unit (Pianka 2000). Additionally, some 
organisms have narrower niches than others (niche breadth) and therefore, may exhibit 
greater habitat specificity (Pianka 2000; Krebs 2001). The identification and comparison 
of key habitats, niche breadth and niche overlap between the focal fish species is 
necessary to determine which species may be more vulnerable to overexploitation or 
environmental change. This information may be used to inform conservation and 
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management efforts (e.g. marine protected areas) to encompass the greatest number of 
these species possible, thereby increasing the effectiveness of multi-species management. 
Specifically, this study will focus on the following questions: 1) What 
environmental variables are associated with Scamp, Gag, Yellowmouth Grouper, Red 
Grouper, Snowy Grouper and Red Snapper? 2) How does the environment influence the 
distribution of commercially and recreationally important predator species?, and 3) Is 
there evidence of habitat specialization within hard bottom habitats? 
3.2 MATERIALS AND METHODS 
The overall SERFS chevron trap surveys occur on live bottom habitats of the 
continental shelf and shelf edge (at depths~15-100 m), and typically extend from 27° N 
to 35° N off coast of the southeastern United States; however, this study was restricted to 
latitudes 32° N to 35° N from approximately Savannah, GA to Cape Hatteras, NC as part 
of the MARMAP program’s sampling region. The sampling season typically runs from 
mid-April through September during daylight hours.  Annually, stations were randomly 
selected for sampling from a database with a minimum distance of 200 m between 
stations (Fig. 3.1).  Chevron traps (see Collins, [1990] for details) are one of several gear 
types used by MARMAP since 1988 for data collection, and they have been used with 
standardized protocols since 1990. Beginning in 2011, as part of the collaborative effort 
with the SEFIS, all traps used by SERFS were equipped with a Canon Vixia HFS200 
video camera mounted above and facing away from the trap opening (hereinafter referred 
to as external cameras) and a GoPro Hero (models 2-4) video camera mounted above and 
facing away from the back of the traps. In 2015, all Canon cameras were replaced with 
GoPro Hero 4 cameras (Fig. 3.2). Traps baited with clupeids are set on live-bottom areas 
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where each trap is left to soak for approximately 90 min.  Up to six traps are fished at the 
same time, one per station, and each is assigned a collection number.  All camera settings 
remained constant and were set to record continuous video during the entire soak period.  
Depth (m), latitude, longitude, bottom temperature (°C), time of day and soak time were 
recorded as part of the standard SERFS sampling protocol.  Temperature and other 
physical oceanography data were determined from a SEABird 19 or 25 Conductivity, 
Temperature, and Depth recorder (CTD). Videos taken from each trap were uploaded to 
the computer and placed in files per the collection number. 
Environmental Data Collection 
Temporal, spatial, and other physical variables initially considered for analyses 
include temporal: day, month, year and time of day; latitude (decimal degrees), longitude 
(decimal degrees), distance to shelf-edge (km); depth, and bottom temperature (°C).  For 
time of day, sunrise and sunset timetables were obtained from Astronomical Applications 
Department, U. S. Naval Observatory (2016), and used with GMT of each trap 
deployment to divide times into crepuscular (1 hour before and after sunrise and sunset) 
and daytime periods. Distance to shelf-edge was selected as a proxy for potential 
influences from Gulf Stream (or conversely, distance from shore as a proxy for fishing 
pressure) and was calculated via a Near analysis (NEAR_DIST) in ArcGIS using a 
straight-line distance from each sample point to the shelf edge (i.e. 100 m isobath). 
Habitat characteristic criteria for surface geologic and biotic components (ordinal 
variables) were estimated from each external video camera. The surface geologic 
components include: surface geologic class (dominant geologic type), seafloor 
morphology, substrate vertical relief, substrate size, and undercut height. Biotic 
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components include biotic type (dominant growth as faunal vs. macroalgal), biota height, 
and percent cover of biota (Table 3.1).  Observations began during the descent of the trap 
to enable the observer to view a larger area around the trap in the event the view of the 
landscape was obstructed after landing on the bottom. One frame from each video that 
provided an unobstructed view of the habitat was used. Video data from each external 
trap camera was then combined by visually estimating the max height of substrate and 
biota and the mean percentage of substrate and biota densities. Coral Point Count with 
Excel extensions (CPCe) (Kohler and Gill. 2006), a Visual Basic program that uses 
random point count methodology, was used in cases where it was difficult for the 
observer to visually estimate percent cover.  For those samples, an image was taken from 
each video where no fish appeared to obstruct the view of the substrate. The image was 
then imported into CPCe, where the substrate only was manually selected with a border. 
Data point distribution consisted of 25 simple random points placed on the substrate. 
Each point was identified as either substrate or biota. The random point placement and 
identification process was repeated three times; after which the mean of the three trials 
and subsequent percentages were calculated and imported into an Excel spreadsheet. 
Fish species data collection 
Grouper and Red Snapper typically exhibit a greater frequency of occurrence in 
video than being caught in traps (Bacheler et al. 2013). Video abundances of Scamp 
(Mycteroperca phenax), Gag (M. microlepis), Yellowmouth Grouper (M. interstitialis), 
Red Grouper (Epinephelus morio), Snowy Grouper (Hyporthodus niveatus), and Red 
Snapper (Lutjanus campechanus) were measured as MaxN (MaxNO, MinCount), which is 
defined as the maximum number of each species observed in a single frame per viewing 
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interval and is commonly used as a conservative estimate of relative abundance as it 
avoids repeat counts of the same individuals. MaxN is quite often obtained over a 
continuous reading period, however, procedures in deployment and reading intervals vary 
among studies (Ellis and DeMartini 1995; Willis and Babcock 2000; Gledhill 2001; 
Watson et al. 2005; Cappo 2010; Martinez et al. 2011; Merritt et al. 2011). Using 
underwater video to enumerate fish is extremely time consuming, therefore, for 
efficiency and inclusion of the greatest number of videos possible for this study, viewing 
intervals were every 30 seconds over 20 consecutive minutes of footage, 10 minutes after 
the trap settled on the seafloor. Due to differences in resolution and field of view between 
Canons and the GoPros used as replacements in 2015, species abundances for 2015 were 
adjusted using results from a calibration study (N. M. Bacheler, NMFS-Beaufort, 
personal communication). Only those samples where the focal species were present were 
considered for analyses. 
Data Analyses 
Multivariate statistical tests and ordinations were performed using PRIMER-e 
with PERMANOVA + (version 7.0.11, PRIMER-E Ltd., Plymouth, U.K.) (Clarke and 
Gorley 2015) to define habitats by characterizing combinations of environmental 
variables. Initially, pairwise scatterplots and an associated correlation matrix between all 
environmental variables were performed to detect collinearity. Longitude was removed 
from further analysis due to high correlation with latitude (|ρ ≥ 0.9|) (Clarke and Gorley 
2015). All environmental variables were categorical or ordinal, enabling them to be 
utilized in Bray-Curtis computations. The similarity percentages analysis (SIMPER) was 
used to identify environmental variables associated with each predator species (with a 
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cumulate contribution of 50% and 90% to average within-species similarity). Greater 
specialization is indicated by comparatively narrow niche breadth and high average 
similarity of habitat (Pianka 2000; Purcell et al. 2014).  Permutational analysis of 
multivariate dispersions (PERMDISP) with 9,999 permutations tested for differences in 
multivariate dispersion (as deviations from centroid) (Anderson et al. 2008). 
A metric-MDS (mMDS) ordination was created from averages of transformed 
habitat variables over all samples for each species to summarize mean differences in 
habitat type. This parametric technique interprets information in the resemblance matrix 
as actual distances and fits linear regression of sample distances in the ordination, rather 
than the non-linear, rank-based approach in nMDS (Clarke et al. 2014). A segmented 
bubble plot in which segment sizes represented averaged values of the habitat variables 
(on original scales) for each species, was superimposed on the mMDS (Clarke and 
Gorley 2015). This allows for a more accurate interpretation than conventional vector 
plots, which unrealistically assume linear relationships of habitat variables with 
ordination axes (Purcell, et al. 2014). 
Analysis of similarities (ANOSIM) (Clarke 1993) with 999 permutations was 
used to elucidate niche overlap (differences in occupied habitats) among the predators (R 
varies between 0 and 1 where the null hypothesis: R=0) and displayed by nonmetric 
multidimensional scaling (nMDS) ordination.  
3.3 RESULTS 
 A total of 551 samples were analyzed. The SIMPER analysis revealed key 
biophysical habitat variables for each predator species (Table 3.2) where 3-5 variables 
contributed to at least 74% of the average similarity for each of the six species. The 
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metric multi-dimensional scaling (mMDS) illustrated the averaged values of these 
variables for each species (Figs. 3.3 a & b). Surface geologic class, biotic class, month, 
depth (except Red Snapper and Red Grouper), temperature (except Snowy, Gag, Scamp 
and Yellowmouth Groupers), latitude (except Snowy and Yellowmouth Groupers), and % 
biotic cover (for Yellowmouth Grouper only), were key (primary) variables that 
contributed cumulatively to 50% in association with each focal species with individual 
contributions ranging from 7%-24%. Snowy Grouper exhibited the greatest separation in 
habitat preferences with depth being the strongest indicator for this species. Conversely, 
Scamp and Gag exhibited the most similar preference for the same habitat variables, 
especially surface geologic component, biotic class, % biotic cover and bottom 
temperature (Fig 3.3a).   The remaining secondary variables (variables not included in the 
top 50%); (Fig. 3.3b), included those with individual contributions close to the lowest 
contributing variable in the top 50% and therefore, may also be informative in defining 
habitats, especially consolidated substrate size and biotic relief. 
Surface geologic class, biotic class, and percent biotic cover can be further refined 
by species (Table 3.3). Red Snapper and Red Grouper both appear to prefer areas 
dominated by fine sediment followed by areas where fine sediment is found adjacent to 
covered pavement or reefs. However, Red Snapper show a greater preference for sponge-
coral habitats that range from 0 to moderate growth. Red Grouper abundances were 
slightly greater in macroalgae beds from sparse to dense growth. Scamp, Gag and 
Yellowmouth Grouper prefer rocky/reef areas with dense, sponge/coral growth, followed 
by rock/reef mixed with fine sediments with moderate sponge/coral growth. Snowy 
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Grouper appears to be more abundant in areas of mixed sediments with 0 to sparse 
growth. 
Red Snapper appeared to be more generalized in habitat preferences relative to 
groupers, given the greater spread of observations in the nMDS (Fig. 3.4) and lowest 
group similarity (74%) in the SIMPER analysis (Table 3.2). Yellowmouth Grouper 
seemed to exhibit greater habitat specificity given the narrow spread of observations in 
the nMDS and highest group similarity in SIMPER (87%). The ANOSIM Global test 
showed significant differences in occupied habitat preferences for each focal species in 
the analyses (R=0.155; p<0.001); however, the pairwise tests varied in significance 
(Table 3.4). Habitat preferences for Red Snapper (Lutjanus campechanus) preferences 
differed significantly from those of Gag (Mycteroperca microlepis), Scamp (M. phenax), 
and Snowy Grouper (Hyporthodus niveatus. Snowy Grouper exhibited the strongest and 
significant segregation in habitat preferences with Yellowmouth Grouper (M. 
interstitialis) (R=0.69), followed by Scamp (R=0.58), Gag (R=0.57), and Red Grouper 
(Epinephelus morio) (R=0.51); and moderate but significant differences with Red 
Snapper (R=0.37). Yellowmouth and Red Groupers also exhibited moderate, but 
significant differences in preference for habitat (R=0.37); and Scamp exhibited weak 
differences in preferences from Red Grouper (R=0.16) and Gag (R=0.06). PERMDISP 
showed the multivariate dispersion of habitat variables among the six groups of predator 
species varied significantly (F = 9.17; p<0.0001). The nMDS illustrated broad niche 
breadth and overlap between Red Snapper, Gag, and Scamp, as well as some separation 
in habitat preferences between Red Snapper and each grouper species. The analysis also 
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illustrated the narrower niche breadth of Snowy, Yellowmouth and Red Groupers and, 
therefore, less overlap with any other focal species (Figure 3.4). 
3.4 DISCUSSION 
This study has provided species-specific habitat identification and environmental 
preferences for Scamp (Mycteroperca phenax), Gag (M. microlepis), Yellowmouth 
Grouper (M. interstitialis), Red Grouper (Epinephelus morio), Snowy Grouper 
(Hyporthodus niveatus) and Red Snapper (Lutjanus campechanus). Identifying 
environmental preferences of these heavily targeted predators is necessary to account for 
potential environmental influences of catchability in the standardization of relative 
abundance indices for stock assessments (Hinton and Maunder 2003). Additionally, the 
identification and comparison of key habitats and niche utilization (breadth and overlap) 
between the focal fish species is needed to determine vulnerability to disturbances (e.g. 
overexploitation, environmental changes) and inform conservation and management 
efforts (e.g. marine protected areas). Collecting video data as part of a regional, long-
term, fishery-independent survey provides the best opportunity to examine these species 
over a wide range of hard bottom habitats as these habitats are specifically targeted by the 
survey. The focal species in this study exhibit low abundances and frequency of 
occurrence in trap catches and video occurrences in the SERFS chevron trap survey off 
North Carolina and South Carolina, hence, they may not occupy the full range of a 
randomized survey. Therefore, analyses were focused only on those environments in 
which they were found to avoid false correlations with environmental variables (Purcell 
et al. 2014). For example, although depths of approximately 15 to -100 m were sampled 
during this study, Snowy Grouper were only observed at depths >61 m. Additionally, 
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increasing human population along the coasts, coupled with advancements in technology, 
make areas of high fish density more accessible and easier to locate/return to, and 
therefore, places increased pressure on species occupying those habitats. Subsequently, 
suitable habitats may yield zero catches if overfished. 
This study indicated that, although rank order differs between most, all focal 
predatory species are, in general, associated with the same environmental variables. The 
primary variables with the strongest association with all six predator species were month, 
latitude, depth, temperature, surface geologic class, biotic class, percent biotic cover and 
to a slightly lesser degree, consolidated substrate size and biotic relief. The Mycteroperca 
groupers (Gag, and especially Scamp and Yellowmouth Grouper) all had strong 
associations with more complex, vegetated reef structures, especially those dominated by 
corals and sponges (Table 3.3). These findings are consistent with a few previous studies 
in the same region. Burge et al. (2012) found that Scamp, Gag, and Yellowmouth 
Grouper typically occupy complex reefs off Cape Fear, NC; however, their study focused 
on areas that contained low to high relief ledges at depths 23-53m. A previous study in 
Gray’s Reef National Marine Sanctuary (Kendall, Bauer, and Jeffrey 2008) found the 
presence-absence of Gag and Scamp were significantly related to undercut height of 
ledges. Undercut height was included in this present study, however, it had a contribution 
of only <1% to average similarity for each species. This difference is most likely because 
Kendall et al. also restricted their survey to ledges within the sanctuary. Also, divers 
could observe the bottom, while moving in a three-dimensional space, whereas analyzing 
habitats from a video camera restricts the view to a fixed point in a two-dimensional 
space. Schobernd et al. (2009) found higher densities of Scamp in areas of high substrate 
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complexity/high relief in proposed marine protected areas along the shelf edge and upper 
slope. Bacheler et al. (2016) found Scamp, Gag, and Yellowmouth Grouper exhibited 
non-random distributions over areas with continuous substrate throughout the 
southeastern U.S. Atlantic SERFS survey area. Yellowmouth Grouper exhibited greater 
habitat specificity with a stronger association with microhabitat variables. Yellowmouth 
Grouper strictly occurred in areas where consolidated substrate was present, especially 
areas characterized by rocky/reef outcrops. This contrasts with the other two 
Mycteroperca species, Scamp and Gag that were occasionally found over areas composed 
of unconsolidated substrate of fine to mixed sediment. The greater habitat specificity 
exhibited by Yellowmouth Grouper may make this species much more susceptible to 
disturbance (Pianka 2000) such as fishing pressure due to reefs being heavily targeted by 
fisherman. Red Grouper did not show as strong of an association with reefs as the three 
Mycteroperca species. A more in-depth examination of specific preferences indicated 
Red Grouper exhibited higher frequency of occurrence in open areas (fine sediment, or 
fine sediment adjacent to covered pavement and/or reef) with no strong preference for 
biotic type (Table 3.3). Snowy Grouper are typically deep water groupers, so the overlap 
between them and the other predator species in this study is not large. Earlier reports state 
adults are typically found in depths 75 m-259 m (Low and Ulrich 1983; Moore and 
Labisky 1983; Parker Jr. and Ross 1986), while juveniles are more common at shallower 
depths (Moore and Labisky 1983). Although depth seems to be the driving factor for 
Snowy groupers, Bacheler et al. (2016) also found Snowy Grouper exhibited non-random 
distribution with depth), they appear to occupy microhabitats where the sediment is a mix 
of sand and shell with sparse sponge/coral growth.  
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In this study, Red Snapper had a greater affinity for month, biotic class, latitude, 
and temperature. A more in-depth examination of specific preferences indicated Red 
Snapper, like Red Grouper, exhibited higher frequency of occurrence in open areas (fine 
sediment, or fine sediment adjacent to covered pavement and/or reef), but unlike Red 
Grouper, seemed to prefer areas dominated by sparse to moderate cover of sponge/coral. 
Coggins et al. (2014) found the abundance and distribution of Red Snapper were more 
heavily influenced by latitude and depth than by micro-scale reef characteristics, 
however, their study was conducted over the entire SERFS sampling area, while this 
study is restricted to the continental shelf off North and South Carolina.  Unlike this 
study, research conducted in the Gulf of Mexico showed Red Snapper occurred in higher 
abundances over reef habitats (Szedlmayer and Lee 2004; Wells and Cowan Jr. 2007). 
However, other studies in the Gulf of Mexico also found they forage over open, sandy 
areas in addition to reefs (Ouzts and Szedlmayer 2003; McCawley, Cowan, and Shipp 
2006; Wells, Cowan, and Fry 2008), and exhibit movement off reef sites (Szedlmayer 
and Schroepfer 2005; Piraino and Szedlmayer 2014). Although this may explain 
observations of Red Snapper in areas of fine or mixed sediment in the absence of, or near 
reefs, it is also important to note SERFS targets natural hard bottom habitats; therefore, 
areas characterized as having no apparent hard bottom structure may still be relatively 
close to a reef area. Red Snapper were found to be more generalized in habitat 
preferences relative to the groupers in this study. Generalists are typically more abundant, 
have less restrictive habitat requirements, and have broad tolerances (Pianka 2000; 
Purcell et al. 2014). Therefore, Red Snapper may be more resilient to disturbance than the 
focal grouper species in this study. Red Snapper also exhibited the greatest overlap (niche 
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breadth) of all focal species in this study. Moratoriums placed on fishing for Red Snapper 
could have subsequent implications for groupers, such that groupers may suffer increased 
fishing pressure.   
This study was based on a long-term, fishery-independent survey designed to 
provide data for fishery stock assessments within the snapper-grouper complex. As such, 
this study is limited to those targeted hard-bottom areas, at depths limited to 
approximately 100 m along the shelf edge. Therefore, this study is a description of the 
variation within these habitats and how they are associated with various large grouper-
snapper species and cannot be compared to behavior in open areas away from reef 
structures, or habitats they may occupy seaward of the shelf edge. Additionally, this study 
is based on video observations with no indication in regard to the size or age of the fish, 
and, therefore, does not have the ability to detect ontogenetic shifts in habitat preferences.  
Future recommendations 
 Month, latitude, depth and temperature are typically utilized in standardizing 
CPUE models for reef fish in the southeastern U.S. Atlantic (SEUSA).  However, the 
results of the present study suggest that microhabitat variables such as surface geologic 
class, biotic class, and percent biotic cover should also be considered in standardization 
analyses for the focal species in this study. Additional habitat studies in this region would 
benefit greatly if size estimates were obtained from video to monitor ontogenetic shifts in 
habitat use. Tagging studies of groupers and Red Snapper in the Atlantic would provide 
necessary information regarding site fidelity, and habitat utilization. Finally, hard 
bottom/live bottom areas in the SEUSA are largely discontinuous and patchy and of 
unknown extent. Continued bathymetric surveys are necessary to obtain more accurate 
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and detailed geologic information and to ascertain the actual habitat availability in this 
region.  
Conclusion 
Groupers and snappers are heavily targeted by fishers with a life history that 
makes them particularly susceptible to overexploitation. Additionally, removal of top 
predators from an ecosystem can have far reaching consequences, including fishing down 
marine food webs (Pauly et al. 1998). Because these species are ecologically data 
deficient in the SEUSA, yet heavily targeted by fisheries, it is imperative that they should 
be high priorities for research (Sadovy de Mitcheson et al. 2013). By using video and 
analyses that focused on habitats found to be occupied by Red Snapper, Scamp, Gag, 
Yellowmouth Grouper, Red Grouper, and Snowy Grouper, this study was able to define 
habitats of these focal species. Environmental associations identified in this study, can be 
utilized in efforts to standardize CPUE for these species in stock assessments and provide 
information on habitat use for additional research. Month, latitude, depth and temperature 
are typically utilized in standardizing CPUE models for these species.  However, these 
results suggest surface geologic class, biotic class, and percent biotic covered should also 
be considered in standardization analyses. Finally, the identification of key habitats, and 
extent of niche breadth and niche overlap between the focal fish species is necessary to 
determine which species, as comparative habitat generalists, may serve as umbrella 
species to inform multi-species management. The identification of species which are 
comparative habitat specialists is necessary to which are at greater risk from disturbance 
(e.g. overexploitation, environmental change). This information may be used to inform 
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conservation and management efforts (e.g. marine protected areas) for more effective 
ecosystem management. 
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Table 3.7. Habitat classification of geologic and biotic hardbottom habitat variables obtained from Southeast Reef Fish Survey video 
in the southeastern U.S. Atlantic Ocean from approximately Cape Hatteras, NC to Savannah, GA (2013-2015). 
Geologic component Biotic component 
Surface geologic class [1] – Unconsolidated: fine sediment Biotic type [1] – Uncolonized – no apparent biotic growth to < 2% cover 
 [2] – Unconsolidated: mixed sediment (fine/shell)  [2] – Algae Bed - >50% macroalgae 
 [3] – Mixed bottom: covered pavement/fine sediment  [3] – Approximately 50/50 mixed macroalgae bed and live bottom 
 [4] – Mixed bottom: rock outcrops/fine sediment  [4] – Live bottom – >50% coral/sponge/faunal reef, faunal bed 
 [5] – Mixed bottom rock outcrops/ shell  [5] – Unknown class of live bottom  
 [6] – Mixed bottom: covered pavement/mixed fine sediment/shell Biotic relief [0] - None 
 [7] – Mixed bottom: rock outcrops/mixed fine sediment/shell  [1] -Low profile ≥ 75% (includes turf, crustose, and emergent biota) 
 [8] – Covered pavement  [2] - Mixed approximately 50% of [1] and [3] 
 [9] – Rock outcrops  [3] - High profile ≥ 75% biotic growth ~ ≥ 0.15 m (6 inches) 
Seafloor morphology [0] - Flat  % Biotic cover [0] – Bare 0-2% cover 
 [1] - Ripples - waves  [1] – Sparse 2-33% cover 
 [2] - Irregular (large mounds/hills, ledges, etc.)  [2] – Moderate 34-66% cover 
 [3] - Ripples-waves and irregular  [3] – Dense 67-100% 
Substrate vertical relief [0] – No rock outcrops present   
 [1] – Low relief: approximately < 0.3 m   
 [2] – Moderate relief: approximately > 0.3 – 1 m   
 [3] – High relief: approximately > 1 m   
Substrate size [0] - No consolidated substrate present 
  
 [1] – Small to Coarse: ≥50% of consolidated substrate <1 m diameter 
  
 [2] – Coarse to Continuous: ≥50% of consolidated substrate >1 m diameter 
  
Undercut height [0] – No undercut present 
  
 [1] – Low relief: approximately < 0.3 m 
  
 [2] – Moderate relief: approximately > 0.3 – 1 m 
  
 [3] – High relief: approximately > 1 m 
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Table 3.2. Results of SIMPER analysis of key environmental variables that contributed a cumulative 50% to habitat similarity for 
each of the six predatory fish species examined in this analysis and listed in order of group average similarity. Data was collected 
during the SERFS 2013-2015 in the southeastern U.S. Atlantic off North and South Carolina. 
 
Species Group average similarity (%) Key environmental variable Average abundance Similarity contribution (%) 
Red Snapper 74.4 Month 4.0 14.0 
  Biotic class 3.4 13.1 
  Latitude 2.8 10.2 
  Temperature 2.6 9.9 
  Surface geologic class 3.8 9.8 
Snowy Grouper 76.7 Depth 4.0 23.7 
  Month 3.6 15.7 
  Surface geologic class 3.0 11.3 
Gag 77.3 Surface geologic class 5.5 14.0 
  Biotic class 3.5 12.2 
  Month 3.7 10.5 
  Latitude 2.8 8.8 
  Depth 2.5 8.4 
Red Grouper 78.6 Month 4.9 15.3 
  Latitude 3.2 12.1 
  Biotic class 2.9 9.6 
  Surface geologic class 4.3 9.5 
  Temperature 2.8 8.9 
Scamp 79.2 Surface geologic class 6.4 17.0 
  Biotic class 3.3 10.5 
  Month 3.8 10.4 
  Depth 2.7 8.8 
  Latitude 2.5 7.8 
Yellowmouth Grouper 86.8 Surface geologic class 8.2 22.3 
  Biotic class 3.7 10.3 
  Month 3.8 8.3 
  Depth 2.8 7.8 
  % Biotic cover 2.5 6.7 
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Table 3.3. Frequency of occurrence (during the SERFS 2013-2015 in the southeastern U.S. Atlantic off North and South Carolina) for 
each primary environmental factor identified in the SIMPER analysis. Surface geologic class: Covered pavement=veneer of sand with 
>30% vegetated cover; Fine sediment=sand/mud; and Mixed sediment=fine sediment + shell. Biotic class: Sponge/Coral includes 
other sessile fauna; and mixed=approximately 50% each macroalgae and sponge/coral. 
 
 Scamp Gag 
Yellowmouth 
Grouper Red Grouper Snowy Grouper Red Snapper 
 n=240 n=102 n=14 n=14 n=13 n=169 
Month       
April 0.03 0.05 0.00 0.00 0.00 0.11 
May 0.32 0.33 0.36 0.07 0.38 0.11 
June 0.09 0.11 0.07 0.21 0.08 0.08 
July 0.24 0.11 0.21 0.07 0.23 0.24 
August 0.18 0.26 0.14 0.29 0.23 0.33 
September 0.06 0.03 0.07 0.07 0.00 0.10 
October 0.08 0.11 0.14 0.29 0.08 0.02 
Latitude       
31-31.9 0.03 0.02 0.00 0.00 0.08 0.07 
32-32.9 0.56 0.51 0.79 0.00 0.77 0.43 
33-33.9 0.35 0.15 0.21 0.79 0.08 0.13 
34-35 0.07 0.32 0.00 0.21 0.08 0.37 
Depth       
15-20 0.01 0.04 0.00 0.00 0.00 0.01 
21-40 0.40 0.48 0.29 0.64 0.00 0.66 
41-60 0.49 0.46 0.71 0.07 0.00 0.28 
61-110 0.10 0.02 0.00 0.29 1.00 0.05 
Temperature       
16-19 0.08 0.06 0.07 0.07 0.31 0.09 
20-22 0.53 0.54 0.43 0.36 0.62 0.34 
23-25 0.20 0.25 0.29 0.29 0.00 0.41 
26-28 0.19 0.15 0.21 0.29 0.08 0.15 
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Table 3.3continued. 
 
 Scamp Gag 
Yellowmouth 
Grouper Red Grouper Snowy Grouper Red Snapper 
 n=240 n=102 n=14 n=14 n=13 n=169 
Month       
Surface geologic class       
Covered pavement 0.11 0.13 0.14 0.07 0.00 0.07 
Covered pavement and Mixed sediment 0.01 0.01 0.00 0.00 0.00 0.02 
Fine sediment 0.10 0.16 0.00 0.29 0.08 0.28 
Fine sediment and Covered pavement 0.04 0.11 0.00 0.21 0.00 0.15 
Fine sediment and Rocks/Reef 0.18 0.23 0.14 0.21 0.00 0.18 
Mixed sediment  0.05 0.03 0.00 0.00 0.77 0.12 
Mixed sediment and Rocks/Reef 0.03 0.04 0.00 0.00 0.00 0.05 
Rocks/reef 0.46 0.30 0.71 0.21 0.15 0.12 
Biotic class and % Cover       
Macroalgae bed Total 0.22 0.07 0.21 0.43 0.00 0.08 
dense 0.13 0.04 0.07 0.07 0.00 0.04 
moderate 0.08 0.01 0.14 0.21 0.00 0.04 
sparse 0.01 0.02 0.00 0.14 0.00 0.00 
Mixed macroalgae and sponge/coral Total 0.13 0.21 0.00 0.21 0.00 0.12 
dense 0.05 0.07 0.00 0.07 0.00 0.01 
moderate 0.04 0.09 0.00 0.07 0.00 0.05 
sparse 0.04 0.05 0.00 0.07 0.00 0.06 
Sponge/Coral Total 0.61 0.69 0.79 0.36 0.54 0.69 
bare 0.00 0.01 0.00 0.00 0.00 0.01 
dense 0.31 0.24 0.50 0.07 0.00 0.06 
moderate 0.18 0.30 0.21 0.21 0.15 0.26 
sparse 0.11 0.14 0.07 0.07 0.38 0.37 
Uncolonized 0.04 0.04 0.00 0.00 0.46 0.11 
bare 0.04 0.04 0.00 0.00 0.46 0.11 
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Table 3.4. Pairwise R values and significance levels from the analysis of similarities (ANOSIM) test of occupied habitats for 6 species 
of predator reef fishes.† Data collected during the SERFS 2013-2015 in the southeastern U.S. Atlantic off North and South Carolina. 
 
 Red Snapper 
Lutjanus campechanus 
Gag 
Mycteroperca microlepis 
Scamp 
M. phenax 
Snowy Grouper 
Hyporthodus niveatus 
Yellowmouth Grouper 
M. interstitialis 
Red Grouper 
Epinephelus morio 
Red Snapper - - - - - - 
Gag  0.05** - - - - - 
Scamp  0.23***  0.06** - - - - 
Snowy Grouper  0.37***  0.57***  0.58*** - - - 
Yellowmouth Grouper  0.07 -0.14 -0.17  0.69*** - - 
Red Grouper -0.03  0.08  0.16*  0.51***  0.37*** - 
 
†Significance: *P<0.05; **P<0.01; ***P<0.001
 88 
  
Figure 3.1. MARMAP chevron trap-video sampling areas between approximately Cape 
Hatteras, NC south to Savannah, GA, in 2013-2015. 
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Figure 3.3. Chevron trap with camera placement indicated by red circles. 
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Figure 3.3. Metric multidimensional scaling (mMDS) habitat for Scamp (Mycteroperca 
phenax), Gag (M. microlepis), Yellowmouth Grouper (M. interstitialis), Red Grouper 
(Epinephelus morio), Snowy Grouper (Hyporthodus niveatus) and Red Snapper (Lutjanus 
campechanus) based on Bray-Curtis similarities from environmental variables averaged 
across video survey observations for each of the 6 predator reef fish species. Segment 
sizes in the bubble plots are proportional to averaged environmental variables on original 
scales. Data collected during the SERFS 2013-2015 in the southeastern U.S. Atlantic off 
North and South Carolina. 
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Figure 3.4. Nonmetric multidimensional scaling (nMDS) of the Bray-Curtis resemblance 
matrix for the habitat data collected Scamp (Mycteroperca phenax), Gag (M. microlepis), 
Yellowmouth Grouper (M. interstitialis), Red Grouper (Epinephelus morio), Snowy 
Grouper (Hyporthodus niveatus) and Red Snapper (Lutjanus campechanus). The 
ordination exhibits niche breadth and overlap of each species. Observation points close to 
one another have similar habitats. Data collected during the SERFS 2013-2015 in the 
southeastern U.S. Atlantic off North and South Carolina. 
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CHAPTER 4 
 
IMPLICATIONS OF PREDATOR-PREY INTERACTIONS 
IN A FISHERY-INDEPENDENT CHEVRON TRAP-VIDEO SURVEY 
 
4.1 INTRODUCTION 
 There is a large amount of ecological evidence demonstrating that predator-prey 
interactions have a large influence on the structure and dynamics of populations and 
communities (Barbosa and Castellanos 2005). Two fundamental limiting factors in 
potential prey-use patterns are prey availability and ability to capture and consume prey 
(Wainwright and Richard 1995).  Furthermore, a common observation for predator-prey 
systems is that many predators are mobile and concentrate on patches of prey rather than 
search at random (Krebs 2001); therefore, predatory fish species are also more likely to 
respond to large aggregations of prey fish species (Stewart and Jones 2001). It is well 
understood that natural and man-made structures have the potential to attract and 
concentrate fish. Fish aggregating devices (FADS) are typically regarded as natural or 
man-made floating objects, the latter typically deployed for the purpose of attracting 
aggregations of fishes (Bortone et al. 2011). Fish traps utilized by commercial and 
recreational fishers and fishery-independent surveys may also create the potential to 
prompt an aggregative response, thereby concentrating both predator and prey in a fixed 
space and providing opportunities for predation to occur. Previous studies have shown 
that aggregations of species due to conspecific attraction does occur within traps, 
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particularly fishes from families Acanthuridae, Haemulidae, Pomacanthidae, Scaridae, 
and Sparidae, as well as Centropristis striata (Munro, Reeson, and Gaut 1971; High and 
Ellis 1973; Luckhurst and Ward 1973; Dorman, Harvey, and Newman 2012; Renchen, 
Pittman, and Brandt 2012; Bacheler, et al. 2013). Predatory behavior has also been 
observed in previous studies documenting fish behavior and traps in the Virgin Islands. 
During those studies, the authors noted larger predators were attracted to the traps when 
smaller fish were present, especially when the trapped fish exhibited frantic escape 
behavior (High and Ellis 1973; Renchen, Pittman, and Brandt 2012). In the southeastern 
U.S. Atlantic Ocean (SEUSA), many smaller economically valuable fish species, such as 
Black Sea Bass (Centropristis striata) and Vermilion Snapper (Rhomboplites 
aurorubens), may serve as prey for larger, often more valuable, highly-targeted fishes 
such as Red Snapper (Lutjanus campechanus), groupers and jacks. In the western 
Atlantic Ocean off the southeastern United States, many of these economically valuable 
fish species populations are declining, or are undergoing overfishing, and/or are 
overfished (NOAA 2015; SAFMC 2016). These species are managed as part of the 
snapper-grouper complex, and most fishery-independent data for these species is 
obtained using chevron traps and video.  
 Measures of relative abundance, estimated through the use of CPUE data, are the 
most essential data source in many stock assessments (Polacheck, Hilborn, and Punt 
1993; Cooper 2006). Fishery-independent data (including CPUE) utilized for stock 
assessments of many species in the Snapper-grouper complex in the southeastern US 
Atlantic have been supplied via chevron trap surveys conducted by the Marine Resources 
Monitoring, Assessment, and Prediction (MARMAP) program, and since 2009, the 
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Southeast Reef Fish Survey (SERFS). The SERFS represents the current collaborative 
work of three independent, federally funded fishery-independent monitoring programs 
studying reef fish species of the SEUSA: MARMAP (1990-present), the Southeast Area 
Monitoring and Assessment Program, South Atlantic Region (SEAMAP-SA; 2009-
present) Reef Fish Survey, and the Southeast Fishery Independent Survey (SEFIS; 2010-
present). Catchability is represented by the catchability coefficient (q) within CPUE as a 
measure of the portion of a stock caught by a single unit of fishing effort (Kilduff, 
Carmichael, and Latour 2009). Catchability is assumed to be constant over time, but, 
catchability may vary for many reasons such as species targeting, environmental 
variability, fishing efficiency and dynamics of the population (Maunder et al. 2006). 
Therefore, CPUE might reflect true abundance more accurately if species interactions can 
be accounted for, but this is rarely done.  
 Various interspecific and intraspecific interactions (e.g. conspecific attraction, 
agnostic behavior) have been investigated within fish aggregations in or around traps and 
baited remote underwater video (BRUV) systems ( Renchen, Pittman, and Brandt 2012; 
Dunlop, et al. 2015). Attraction of predators to traps has also been documented (High and 
Ellis 1973; Renchen, Pittman, and Brandt 2012), and tested (Robichaud, Hunte, and 
Chapman 2000); however, there has been no research regarding predator-prey 
interactions relative to fishery-independent chevron traps with complementary 
underwater video. This study is the initial investigation into predator-prey interactions 
based on a fishery-independent chevron trap and camera survey. Specifically, this study 
focuses on the attraction of large-bodied predator fish species to the presence of potential 
live prey caught within the traps to determine if accounting for these interactions can 
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improve abundance indices of predators and provide behavioral insights into predation 
relative to chevron traps. Within this context, this study attempts to answer the following 
questions, 1) Can the probability of predator occurrence within traps or video be 
predicted by the presence of live prey in the traps? 2) Does predation occur within 
chevron traps? And 3) Are predators attracted to live prey in the traps, and what species 
are prey choices for Scamp, Gag, Red Grouper, and Red Snapper within the traps when 
predation events occur? 
4.2 MATERIALS AND METHODS 
Survey Design 
The overall SERFS chevron trap surveys occur on live-bottom habitats of the 
continental shelf and shelf edge (at depths~15-100 m), and typically extend from 27° N 
to 35° N off coast of the southeastern United States; however, this study was restricted to 
latitudes 32° N to 35° N from approximately Savannah, GA to Cape Hatteras, NC as part 
of the MARMAP program’s sampling region. The sampling season typically runs from 
mid-April through September during daylight hours.  Annually, stations were randomly 
selected for sampling from a database with a minimum distance of 200 m between 
stations (Fig. 4.1).  Chevron traps (see Collins, [1990] for details) are one of several gear 
types used by MARMAP since 1988 for data collection, and they have been used with 
standardized protocols since 1990. Beginning in 2011, as part of the collaborative effort 
with the SEFIS, all traps used by SERFS were equipped with a Canon Vixia HFS200 
video camera mounted above and facing away from the trap opening (hereinafter referred 
to as external cameras) and a GoPro Hero (models 2-4) video camera mounted above and 
facing away from the back of the traps. For this study during 2013-2015, three of the six 
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traps deployed by MARMAP were additionally equipped with a GoPro Hero (models 2-
4) placed inside the trap, facing the funnel entrance (hereinafter referred to as internal 
cameras) when depths were <60 m. In 2015, all Canon cameras were replaced with 
GoPro Hero 4 cameras. In 2015, all Canon cameras were replaced with GoPro Hero 4 
cameras (Fig. 4.2). Traps baited with clupeids are set on live-bottom areas where each 
trap is left to soak for approximately 90 min.  Up to six traps are fished at the same time, 
one per station, and each is assigned a collection number.  All camera settings remained 
constant and were set to record continuous video during the entire soak period.  Depth 
(m), latitude, longitude, bottom temperature (°C), time of day and soak time were 
recorded as part of the standard SERFS sampling protocol.  Temperature and other 
physical oceanography data were determined from a SEABird 19 or 25 Conductivity, 
Temperature, and Depth recorder (CTD). Videos taken from each trap were uploaded to 
the computer and placed in files per the collection number. 
Data Collection 
Abundance data for analyses were obtained from the MARMAP trap catches and 
video observations. The six most commonly occurring large predatory species occurring 
within and/or around the traps were Scamp (Mycteroperca phenax), Gag (M. microlepis), 
Red Grouper (Epinephelus morio), Red Snapper (Lutjanus campechanus), Greater 
Amberjack (Seriola dumerili), and Almaco Jack (S. rivoliana).  Although these predators 
may occupy the same feeding guild (i.e., obligate and facultative piscivores), each was 
analyzed separately to determine differences in behavior.  The abundance of each 
predator was assessed for each paired trap-video gear deployment.  Greater Amberjack 
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and Almaco Jack were excluded from trap catch analyses due to the rarity in which they 
enter the traps. 
Video abundances were measured as MaxN (i.e. MaxNO, MinCount), which is 
defined as the maximum number of each species observed in a single frame per viewing 
interval and is commonly used as a conservative estimate of relative abundance as it 
avoids repeat counts of the same individuals. MaxN is quite often obtained over a 
continuous reading period; however, procedures in deployment and reading intervals vary 
among studies (Ellis and DeMartini 1995; Willis and Babcock 2000; Gledhill 2001; 
Watson et al. 2005; Cappo 2010; Martinez et al. 2011; Merritt et al. 2011). Using 
underwater video to enumerate fish is extremely time consuming; therefore, for 
efficiency and inclusion of the greatest number of videos possible for this study, viewing 
intervals were every 30 seconds over 20 consecutive minutes of footage, 10 minutes after 
the trap settled on the seafloor. Due to differences in resolution and field of view between 
Canons and the GoPros used as replacements in 2015, species abundances for 2015 were 
adjusted using results from a calibration study (N. M. Bacheler, NMFS-Beaufort, 
personal communication). 
Prey species selected most likely to influence CPUE for the focal predators in this 
study were among the most abundant and frequently caught in chevron trap catches. They 
have historically co-occurred with each predator species in the study, and shown in 
SERFS observations and literature reviews to be included in the diet of groupers, 
snappers and jacks (Randall 1967; Bullock and Smith 1991; Brulé, Rodriguez Canché 
2008; Manooch 1983; Grimes et al. 1977). The prey species identified for inclusion in 
modeling were: Tomtate (Haemulon aurolineatum), Black Sea Bass (Centropristis 
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striata), Bank Sea Bass (C. ocyurus), Vermilion Snapper (Rhomboplites aurorubens), 
Red Porgy (Pagrus pagrus), and Scup/Longspine Porgy (Stenotomus spp.).  The 
abundance of each prey species was calculated for each trap deployed based on trap catch 
only; abundance of all prey species was not available for the external videos making use 
of video data for prey species impractical.  
Internal videos from 2013-2015 were examined to elucidate individual species’ 
behaviors within the traps.  For internal videos, all fish individuals entering and exiting 
the traps were identified to the lowest possible taxon and time of entry and exit were 
recorded at one second intervals from the time the trap settled on the bottom to the end of 
the 90-minute deployment.  
Data analyses - Trap catch and video count model exploration 
Initially, data from trap catch and video were used to investigate the probability of 
predator occurrence or abundance in the presence (or abundance) of prey within the traps 
via regression analyses. Two sets of models were explored, differing only in the response 
variable metric: predator abundance in traps and predator abundance on external videos.  
The analyses were aimed to elucidate the effect that different prey abundances, as 
measured in each chevron trap, had on predator probability of occurrence and relative 
abundance.   
In addition to the six prey species, the effect of five additional environmental 
covariates on the predator probability of occurrence and apparent abundance were also 
considered.  The environmental covariates included those typically utilized in CPUE 
analyses of fishery data in the SEUSA: year, latitude, depth, temperature, and day of 
year. Duration (i.e. soak time) was included in models as an offset term. This study 
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utilized data collected via the MARMAP program since video cameras were attached to 
traps as standardized gear; therefore, only those traps deployed between 2011 and 2015, 
with soak times of 45 to 150 minutes, and at latitudes between 32o and 35o N were 
considered for analyses. Additionally, only depths between 20 and 65 m were considered, 
because prey were caught most frequently at these depths and because this depth range is 
where predators and prey are most likely to co-occur. 
Prior to inclusion of all covariates, pairs plots and variance inflation factors 
(VIFs) were used to assess collinearity between covariates. Pairs plots and VIF analyses 
detected no collinearity between covariates (e.g. all VIFs were <2); therefore, all 11 
covariates were considered in the analyses. Preliminary generalized additive model 
(GAM) analyses were performed to determine if and to what extent the effect of 
covariates on the response variable was non-linear.  The effective degrees of freedom for 
each continuous covariate (based on these preliminary investigations) were used to 
inform polynomial orders utilized in subsequent generalized linear models (GLMs).  
GAMs are semi-parametric extensions of the generalized linear model (GLM) with the 
only underlying assumption being that the functions are additive and that the components 
are smooth (Maunder and Punt 2004). The strength of GAMs is their ability to deal with 
highly non-linear and non-monotonic relationships between the response and the set of 
explanatory variables. They can aid in the development of ecological models that better 
represent the data, and therefore develop a more comprehensive understanding of the 
ecological systems (Guisan, Edwards, and Hastie 2002).    
Scamp, Gag and Red Grouper typically occur in low abundances in the traps, and 
Red Grouper occur in low abundances in video. Therefore, it was decided a priori that 
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models with binomial error structures were best suited for the other 3 species (e.g. 
negative binomial (NB) models). Additional modeling exploration for Red Snapper trap 
catch, and Scamp, Gag, Red Snapper, Greater Amberjack, and Almaco Jack counts in 
video were required to account for excess zeroes inherent in the data. Excess zeros 
beyond that expected for a Poisson or negative binomial distribution in count data are 
common in many ecological, economic, and social studies (Zuur et al. 2009).  Ignoring 
zero inflation when it exists can have two major consequences, namely the estimated 
parameters and standard errors may be biased and the excessive number of zeros can 
cause overdispersion (Zuur et al. 2009).  Zeros due to design and observer errors are 
called false zeros or false negatives while structural and “animal” zeros are known as 
positive zeros, true zeros, or true (Zuur et al. 2009).  Mixture models model zeros via two 
distinct processes, a binomial process and a count process (Zuur et al. 2009).  To account 
for excess zeros, two types of mixture models (Zuur et al. 2009), were used to account for 
the type of zero observed, namely a zero-inflated negative binomial GLM with logit link 
(ZINB), and a zero-inflated Poisson GLM with logit link (ZIP). In both the ZIP and 
ZINB, a binomial GLM is used to model the probability of measuring a zero while the 
count process is modeled by a Poisson or negative binomial GLM, respectively.  See 
Zuur et al. (2009) for a complete description and for the probability functions of both the 
ZIP and ZINB model structure.    
For the negative binomial, ZIP and ZINB models, all possible combinations of 
covariates and continuous covariate polynomial orders for each predatory response 
variable, where the maximum polynomial order was set to the rounded effective degrees 
of freedom from preliminary GAM models, were assessed for model fit.  Bayesian 
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Information Criterion (BIC; Schwarz, 1978) was used to determine the most 
parsimonious model for all models considered. Model diagnostics, including Pearson 
residuals vs. fitted and observed values, were evaluated to visually inspect model fit. 
Automated model exploration was facilitated via the use of the R package FishyR 
(Ballenger 2016), which relies heavily on functions available in the package pscl 
(Jackman 2015).  All analyses were conducted in RStudio version 0.99.878 (RStudio 
2015), and R version 3.2.3 (R Core Team 2015). 
Predator-prey interactions within traps 
Internal videos were analyzed for the entire soak period to describe predator-prey 
interactions within the traps. Entry and exit times were recorded for each species for the 
duration of each video. To describe predator behavior within the traps, the following 
behaviors and associated information were recorded for each trap that contained a 
predator: a) all fish species that entered the trap in order of entry (to denote all prey 
options), b) predator and prey entry times (calculated from the time the trap landed on the 
bottom and based on the first individual to enter the trap), c) predator abundance, d) prey 
abundance in the trap at time of predator entry, e) number and time of failed predation 
attempts and successes, f) prey species targeted by each predator during the predation 
events, and g) predator interest in bait (whether or not the predator approached the bait 
immediately upon entry or consumed the bait at any time inside the trap). 
To assess potential predator attraction to prey, data derived from the internal 
videos were used to compare time of first trap entry of predators to prey abundance 
within the traps over the soak period. External video data were also used to compare first 
predator occurrence to prey abundance within the traps. However, standardized protocols 
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for existing external video does not record data until 10 minutes after the trap lands on 
the bottom after which, data were examined every 30 seconds for a subsequent 20-minute 
period. Therefore, plots using external video data reflect shorter data collection periods 
than for the traps. All plots were all created using the Lattice package in R (Sarkar 2008). 
4.3 RESULTS 
Data analyses - Trap catch and video count model exploration 
A total of 1,474 samples (videos and trap catches) were included in the 
generalized additive models (GAM), negative binomial (NB) model, and the zero-inflated 
negative binomial (ZINB), and zero-inflated Poisson (ZIP) generalized linear models 
(GLMs). Results of the preliminary GAM analyses suggest most covariates considered 
had non-linear relationships with a given predator’s abundance. The degree of non-
linearity appeared to be highly variable.  Additionally, some covariates were not 
important drivers of predator catchability (Table 4.1). 
Results of the trap catch binomial GLM models suggest none of the selected prey 
covariates were important drivers in the presence of Scamp (Mycteroperca phenax), Gag 
(M. microlepis) and Red Grouper (Epinephelus morio) within the traps. The trap catch 
model exploration and BIC analyses suggest a negative binomial GLM was the optimal 
model for Red Snapper (Lutjanus campechanus). Depth was the only explanatory 
covariate to be retained in the model for Red Snapper (Table 4.2). The video occurrence 
binomial GLM model for Red Grouper indicated no prey species were important drivers 
for the presence of Red Grouper. However, the results show latitude and depth were 
predictors of occurrence for Red Grouper. Results of the video occurrence model 
exploration analyses suggest a negative binomial GLM was the optimal model for 
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Scamp, Gag, Red Snapper, Greater Amberjack (Seriola dumerili) and Almaco Jack (S. 
rivoliana) (Table 4.2). Stenotomus spp. was the only prey species retained in these 
models, although a negative relationship was observed. Additionally, several 
environmental covariates were important factors in video counts for these predator 
species. Depth appeared to be the best predictor for gag. Latitude and depth were 
important predictors for Scamp, Red Snapper, and Greater Amberjack, while depth and 
day of year were important factors for Almaco Jack (Table 4.2). 
Predator-prey interactions within traps 
A total of 613 internal videos were recorded during the 2013-2015 sampling 
seasons of which 11% (N=66) included predators. Red Snapper was the most frequently 
caught predator overall (N=33; 50%), followed by Scamp (N=18; 27.3%), Red Grouper 
(N=9; 13.6%), then Gag (N=6; 9.1%). 
 For all predators caught in the trap, at least one prey species individual was 
present in the trap prior to predator trap entry. Scamp, Gag and Red Grouper typically 
entered the traps after sitting on the bottom for approximately 1 hour, while Red Snapper 
tended to enter the traps earlier than grouper with a mean time of 38:40 mm:ss (Figure 
4.3). For all predator species at least one prey species individual was also present in the 
trap prior to predator video occurrence. Predators typically occurred in video within the 
first 20 minutes - much earlier than those that entered traps (Figure 4.4). 
 Tomtate (Haemulon aurolineatum), Black Sea Bass (Centropristis striata), Bank 
Sea Bass (C. ocyurus) and Vermilion Snapper (Rhomboplites aurorubens) co-occurred in 
traps with all predators in this study. Red Porgy (Pagrus pagrus) was not observed in any 
traps with Gag, and Stenotomus spp. were only observed in traps with Red Snapper. 
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Predation events (failed attempts and successes) occurred in 12.1% (N=8) traps that 
contained predators. Tomtate, Back Sea Bass, Bank Sea Bass and Red Porgy were 
observed prey choices made by predators during the events, regardless of any species co-
occurring in the traps.  There were no predation attempts on Vermilion Snapper by any 
predator and no predation attempts on Stenotomus spp. by Red Snapper when both 
species co-occurred in the traps (Table 4.3 and Appendix A, Table A.1). 
Although Scamp was the most frequently caught grouper in the traps, there were 
no predation events observed for Scamp. Conversely, Scamp showed immediate interest 
in bait in 72% of the traps (N=13). A total of 3 predation events were observed for Gag in 
33.3% (N=2) of the traps, where Tomtate (1 attempt and 1 success) and Black Sea Bass 
(1 attempt) were the choice of prey with initial events occurring within 00:05 mm:ss and 
03:30 mm:ss of predator entry. Gag showed interest in bait in 83% of the traps (N=5) 
although there was no interest in bait in which Gag was successful in capturing Tomtate. 
A total of 5 predation events were observed for Red Grouper in 33.3% (N=3) of the traps, 
where Bank Sea Bass (1 success), Tomtate (1 success) and Red Porgy (3 attempts in the 
same trap) were the choice of prey with initial predation events with Bank Sea Bass and 
Tomtate being successfully captured immediately upon entry into trap, and the failed 
attempt at Red Porgy within 03:30 mm:ss of predator entry. For the latter, the Red 
Grouper spent time outside the trap chasing the Red Porgy inside the trap with an attempt 
to eat the Red Porgy through the mesh approximately 01:21 mm:ss prior to entering the 
trap. Red Grouper showed interest in bait in 56% of the traps (N=5); however, there was 
no interest in bait in which predation events occurred. A total of 3 predation events were 
observed for Red Snapper in 6% (N=2) of the traps, where Tomtate (2 attempts and 1 
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success) was the only choice of prey.  Red Snapper showed interest in bait in 70% of the 
traps (N=23); however, there was no interest in bait in which predation events were 
successful. Notably, 16 additional predation attempts (9 failed attempts and 7 successes) 
by Red Snapper occurred just outside the trap or within the trap funnel entrance within 
view of the internal camera in 6 (9.1%) traps. Prey choices were Black Sea Bass, 
Tomtate, Bank Sea Bass and Vermilion Snapper. Four failed attempts at eating prey 
through the mesh from outside the trap were observed (3 failed attempts at Black Sea 
Bass and 1 failed attempt at Vermilion Snapper). Most interestingly, the remaining 12 
events occurred within or at the funnel entrance where 3 attempts at Black Sea Bass, 1 
attempt at Tomtate and 1 attempt at Bank Sea Bass failed; and 2 Black Sea Bass and 5 
Tomtate were successfully captured. Red Snapper were ultimately caught in 50% of the 
traps in which these events occurred outside the trap (Tables 4.3 and Appendix A, Table 
A.1). 
4.4 DISCUSSION 
 This research is the initial study into accounting for predator-prey interactions 
within (or around) traps utilized in a fishery-independent survey that may have 
implications for indices of relative abundance. Specifically, this study examined the 
probability that large-bodied predator reef fish are attracted to potential prey species 
aggregated in traps, and provided behavioral insights into predator-prey interactions 
relative to chevron traps. 
Data analyses - Trap catch and video count model exploration 
Results of the GLM models indicate the probability of predator occurrence within 
traps and video cannot be predicted by the abundance of live prey in the traps due to low 
 106 
frequency of occurrence of predators and the variety of behavioral and physiological 
mechanisms involved. Predators are inherently less common and less abundant than prey; 
therefore, a lower proportion positive occurs near the traps, and even less so within the 
traps. This could explain the improved model performance using video occurrences. 
Predator-prey size ratio (Wainwright and Richard 1995) may also be an additional factor; 
however, it was not possible to measure fish on video because stereo-video cameras were 
not available. Additionally, many individuals of the focal prey species too small to be 
retained by the trap are present within or near the trap during the soak period, but no 
longer present in the trap to be counted as part of the catch (personal observation). 
The negative relationship between Stenotomus spp. and Scamp, Gag, Greater 
Amberjack, Almaco Jack and Red Snapper in the GLM models for video occurrence may 
be due to differences in environmental and/or habitat preferences. For example, the 
abundance of the focal groupers and jacks in this study appears to increase with depth, 
while Stenotomus spp. were not observed at depths greater than 43 m, indicating there is 
less likelihood of co-occurrence. Red Snapper were more abundant at shallower depths 
indicating there may be more overlap with Stenotomus spp.; however, the relationship 
was also negative. 
Predator-prey interactions within traps 
The subsequent internal video analyses revealed that some predators are attracted 
to the traps by the presence of live prey indicated by the predation events that occurred 
within traps. These internal video analyses provided qualitative insight into prey 
selection, and behavior regarding a baited trap (Table 4.3). Predators typically occurred 
in video or entered traps after prey species typically entered the traps (Figure 4.3). The 
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more rapid response of prey to the traps could occur for a variety of reasons not 
elucidated in this study, such as intraspecific social behavior (e.g. conspecific attraction), 
attraction to bait, refuge/predation risk (e.g. when jacks (Seriola spp.) circle the trap), 
curiosity, and random movements (Munro, Reeson, and Gaut 1971; High and Beardsley 
1970; Luckhurst and Ward 1973; Lima 1998; Robichaud, Hunte, and Chapman 2000; 
Layman and Smith 2001). Additionally, the apparent levelling off of mean prey 
abundances in traps subsequent to predator entry may be due to predator avoidance. 
However, it may also be indicative of trap saturation (Bacheler et al. 2013). The 
comparatively later predator trap entry and occurrence in video may be indicative of 
predator attraction to prey already in the trap. Predator attraction to trapped prey has been 
noted in previous studies (High and Ellis 1973; Robichaude, Hunte, and Chapman 2000; 
Renchen, Pittman, and Brandt 2012) and is consistent with the findings in this study in 
which some predation events did occur (Tables 4.3 and Appendix A, Table A.1). 
However, it may also be may also be due to delayed response to the bait plume, or trap 
wariness (Bacheler et al. 2013). Additionally, any increase in species abundances in traps 
subsequent to the occurrence of predators in video outside the traps may also indicate 
prey are utilizing traps as refuge. 
Prey selectivity was apparent when predation occurred in traps. Tomtate 
(Haemulon aurolineatum), Black Sea Bass (Centropristis striata), and Bank Sea Bass (C. 
ocyurus) were the preferred prey choices by Gag (Mycteroperca microlepis), Red 
Grouper (Epinephelus morio) and Red Snapper (Lutjanus campechanus) despite the 
availability of other prey options at the time of predation (Appendix A, Table A.1). 
However, this may be due to higher prey abundances and frequency of co-occurrence 
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with predators in the traps. One notable exception was a trap in which a Red Grouper 
harassed a Red Porgy from outside the trap for several minutes, then entered the trap and 
failed at an attempt to eat it inside the trap before giving up. In this case, the Red Porgy 
was the only other individual available in or near the trap.  A general disinterest in 
Vermilion Snapper, although it occurred in traps with all predators, needs further 
investigation. Stenotomus spp. only co-occurred in traps with Red Snapper during this 
study; however, no predation events were observed (Tables 4.3 and Appendix A, Table 
A.1). This may be explained by the morphology of Stenotomus spp. and potential gape 
limitations of the predators. A recent study by Price, Friedman, and Wainwright (2015) 
showed that fin spines on dorsal and anal fins are associated with deeper bodies and have 
synergistically evolved to enlarge body dimension as a morphological defense against 
predation. Stenotomus spp. possess strong dorsal and anal spines and are comparatively 
deeper bodied than other prey species considered in this study. Predator-prey size ratio 
(including gape limitations) may also play a role in prey preference. Traps are size 
selective which may have implications in a predator’s ability to capture and consume 
prey within the trap. The average size for Scamp (56 cm), Gag (55 cm), Red Grouper (69 
cm) and Red Snapper (47 cm) caught within the traps is less than their maximum lengths 
(90 cm, 120 cm, 90 cm, and >100 cm respectively) reported by Carpenter (2002a; 
2002b). Additionally, prey availability to predators within the trap was limited to those 
individuals large enough to be retained by the trap; therefore, smaller potential prey have 
the ability to freely exit the trap through the mesh. Previous studies have shown prey size 
increases with predator size, although the trend toward prey size selectivity is toward 
smaller individuals (Juanes 1994). This may have more implications for relative indices 
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of abundance based on video where predators that remain outside the traps may be 
attracted to prey aggregations moving freely in and out of the trap. 
This study also provided insight into species-specific behavior relative to traps.  
Prey seemed undisturbed by the presence of Scamp in the trap. It appears more likely that 
Scamp are attracted to the bait given the large percentage of individuals that showed 
interest in bait post-entry. When predation events occurred with Gag, Red Grouper and 
Red Snapper, it was apparent predator interest was focused on live prey as predation 
events occurred immediately upon entry or within seconds after the predators entered the 
trap. However, predation events typically only lasted a short period of time, usually 
lasting no longer than approximately five minutes. This is most likely due to stress. Many 
fishing methods are known to induce stress responses (Clements and Hicks 2002; Skomal 
2007). In this study, predators appeared to be stressed once inside the traps and attempted 
to find a way out of the trap almost immediately after entry or predation event by 
swimming back and forth and pushing on the mesh attempting to escape. Interestingly, 
prey species seemed undisturbed by stressed behavior exhibited by the trapped predator. 
Conversely, when predation events (aggressive attempts to eat live prey) occurred, 
potential prey species were clearly agitated and actively attempted to avoid the predator 
in the trap by frantically swimming to the opposite side of the trap when they were unable 
to find a way out. Similar predator and prey behaviors recorded by High and Ellis (1973) 
and Renchen et al. (2012) indicated that stress responses are typical in trapped fish. At 
times, potential prey would get lodged in the trap mesh trying to escape. Almost 
immediately after the predation event ended, the prey behaved calmly and/or resumed 
any prior interest in bait. During one event in which a Gag was observed preying on 
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Tomtate within the trap, many Tomtates became clearly agitated and “grunted” almost 
immediately prior to the Gag striking (this was a typical reaction by Tomtate during any 
predation event). Concurrently, the Gag’s pattern and color became more pronounced 
within a second or two before striking, but it is unknown whether this is a common 
occurrence during predation, has some advantage for the predator, and/or whether it was 
a visual cue that Tomtates have evolved in association with an impending predation 
event. Predator species are rarely caught in the traps, which makes it difficult to elucidate 
physiological mechanisms involved in predator-prey interactions. Additional species 
specific sensory modality studies (vision, tactile, chemosensory and sound) would 
provide much needed information regarding the underlying physiological mechanisms 
that define predator-prey relationships. 
Predator-prey interactions were also observed just outside the trap. Bacheler et al. 
(2013) showed frequency of occurrence was greater for groupers and Red Snapper 
observed in video versus trap catch on continental shelf and shelf break habitats between 
northern Georgia and central Florida. Additionally, prey also have the tendency to 
aggregate around the perimeter of the trap, usually dependent on the location of loose bait 
in the trap (personal observation). Subsequently, this may attract the attention of 
predators that may remain strictly focused on those aggregations outside the trap that are 
trap wary or too large to fit in the trap. Observations made during the internal trap video 
analyses have shown additional predation events occur just outside the trap or within the 
trap funnel entrance where predators are able to grab their prey in a more restricted space 
without fully entering the trap. For example, there were a few incidences in which a large 
Red Snapper followed the prey into the funnel entrance and consumed it before it had an 
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opportunity to find its way into the trap. There were also several observations of small 
Black Sea Bass and Tomtate that became wedged in the mesh of the trap during panicked 
predator avoidance, only to be subsequently grabbed from the mesh from the outside of 
the trap and consumed. Because of the proximity to the trap, these interactions are not 
seen on external cameras used to observe fish for indices based on video. Since more 
predators are observed in video than in traps, and prey also tend to aggregate around the 
outside perimeter of the trap, predator-prey interactions may have more implications for 
indices of abundance based on video.  
Future recommendations  
Since predators occur more frequently in videos than traps, and predation attempts 
were observed just outside the traps (but out of view of external cameras), attaching 
cameras that provide a nadir view of the area surrounding the trap (but close enough to 
identify species) would provide greater detail regarding prey selection and attraction of 
predators to aggregations of prey around the traps. Models for video occurrence may 
perform better and provide a clearer understanding of predator-prey size relationships if 
current video efforts can provide length information (such as stereo cameras). This would 
enable researchers to gather size data for fish outside the traps where fish sizes are not 
restricted by gear selectivity and refine the data using predator-prey size ratios. Internal 
video cameras were only deployed in 50% of the traps in this study.  
Future studies involving predator-prey interactions based on video occurrence 
outside the traps would also benefit from analyses based on videos recorded for the full 
length of time the trap is sitting on the bottom. Internal videos from this study showed 
that predators typically entered traps after approximately 60 mins of soak time. However, 
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current video analyses do not account for the first 10 minutes after the trap lands on the 
bottom, or the last 60 minutes of 90-minute soak period, therefore, the actual mean 
predator entry time in videos is unclear. Obtaining information regarding predator 
behavior utilizing the entire soak period would be necessary to understand the full 
implications of predator-prey interactions outside the traps. 
Current video indices include three potential prey species investigated in this 
study: Black Sea Bass, Red Porgy and Vermilion Snapper. However, current video 
efforts do not include abundances of Tomtate and Bank Sea Bass. Tomtate has been 
shown to be included in the diet of groupers, jacks and Red Snapper (Randall 1967; 
Darcy 1983; Manooch 1983; Matheson, Huntsman, and Manooch 1986; Mccawley, 
Cowan, and Shipp 2003). During video analyses, large schools of juvenile Tomtate were 
observed simultaneously with large numbers of piscivorous predators; however, the 
juveniles were too small to be retained by the trap mesh and therefore, remained 
unaccounted for. As the importance of these two species as prey becomes elucidated, 
future efforts may need to include them in analyses.  
Furthermore, there is a paucity of data in the southeastern U.S. Atlantic regarding 
the diet of these predator species at sizes typically captured in the survey. Unless a fish 
has been recently ingested, fish prey species are quite often impossible to identify if 
highly digested. Additional diet studies utilizing DNA-based approaches are necessary to 
accurately identify fish prey of these larger piscivorous fishes to help determine whether 
prey selection within or near traps mirrors prey selection not influenced by aggregations 
of prey species around baited traps and help refine predator-prey interaction studies.  
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Conclusion 
This study is the first to investigate predator-prey relationships based on a fishery-
independent chevron trap survey that may have potential influences on indices of 
abundance utilized for stock assessments in the southeastern United States. The results of 
indicate predator-prey behavior cannot be predicted by simply using trap catch data alone 
due to low frequency of occurrence and the variety of behavioral and physiological 
mechanisms involved. However, this study has shown that predators are attracted to prey 
aggregations within or around the trap, and although infrequent, predation does occur 
within traps.  This study also provides insight into predator-prey interactions in and 
around traps that have not been recorded in this region. Based on the results of this study, 
and the current Southeast Reef Fish Survey design, there is no need to account for 
predator-prey interactions within the traps when standardizing catch per unit effort.  
However, observations made during this study indicate predator-prey behaviors may have 
more implications for relative indices of abundance based on video outside the traps. 
Therefore, it is strongly suggested future efforts to elucidate predator-prey behavior 
around traps are focused on viewing the immediate area around the perimeter of the trap, 
include abundances of prey species outside the trap, and include additional predator and 
prey size-related data.
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Table 4.1. Results of preliminary GAM analyses exploring the relationship between predator presence/absence or predator abundance 
in a trap as a function of considered covariates.  For each predator, two separate GAMs, using the same initial covariates, were 
developed, one using whether a predator was present or absent in the trap catch and the other using observed predator abundance.  
These two sets of GAMs were used to simulate the two components of the subsequent zero-inflated GLM analyses.  ✓  represents that 
the variable was included as a discrete (i.e., factor) covariate.  Number represents the effective degrees of freedom, rounded to the 
nearest whole number, estimated for each continuous covariate. 
 Scamp Gag Red Grouper Red Snapper Greater Amberjack Almaco Jack 
Covariate Pres Abund Pres Abund Pres Abund Pres Abund Pres Abund Pres Abund 
Chevron Trap Predator Abundance Models 
Year ✓ – ✓ – ✓ – ✓ ✓ – – – – 
Latitude 2 – – – – – 2 2 – – – – 
Depth 2 – 1* – – – – 1* – – – – 
Temp 2 – 1* – 1* – 1* 6 – – – – 
Day of Year – – – – 2 – – – – – – – 
Tomtate – – – – 1* – 1* 1* – – – – 
Black Sea Bass 1* – – – – – 1* 1* – – – – 
Bank Sea Bass 1* – – – – – – – – – – – 
Vermilion Snapper – – 1* – – – – – – – – – 
Red Porgy – – 1* – – – 1* 1* – – – – 
Stenotomus spp. – – – – 1* – 1* 1* – – – – 
External Video Predator Abundance Models 
Year ✓ ✓ ✓ ✓ ✓ – ✓ ✓ ✓ ✓ ✓ ✓ 
Latitude 5 4 1* 2 3 – 3 4 4 5 4 – 
Depth 3 1 3 2 2 – 3 5 2 2 1* 2 
Temp – – 1* 1* 1* – – – 2 2 4 1* 
Day of Year – 5 2 1* 1* – 3 3 – – 1* 1* 
Tomtate 2 1* 1* 1* 1* – 1* – – 1* 1* 2 
Black Sea Bass 1* 1* – – 1* – – – 1* 1* 1* 2 
Bank Sea Bass – – – 3 – – – – 1* 1* – – 
Vermilion Snapper – – 1* 1* – – – – – – – – 
Red Porgy – 1* 1* 1* 1* – 1* 3 – – 1* 2 
Stenotomus spp. 1* 2 1* 1* – – 1* 1* 1* 1* 1* 1* 
* - preliminary GAMs suggest that the covariate does not explain a significant component of response variable variability, as the p-value for the covariate in the GAM exceeded 0.05. 
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Table 4.2: Results of model exploration using binomial and negative binomial models GLM mixture models. 
Covariate Scamp Gag Red Grouper Red Snapper 
Greater 
Amberjack 
Almaco Jack 
Predator Chevron Trap Catch Models 
Year – a – a – a – – b – b 
Latitude – a – a – a – – b – b 
Depth – a – a – a 1 – b – b 
Temperature – a – a – a – – b – b 
Day of Year – a – a – a – – b – b 
Stenotomus spp. – a – a – a – – b – b 
Dispersion 1.01 1.03 1.02 1.12     
Predator External Video Occurrence Models 
Year – – – a – – – 
Latitude 3 – 2 a 2 1 – 
Depth 1 2 1 a 2 2 1 
Temperature – – – a – – – 
Day of Year – – – a – – 1 
Stenotomus spp. 1 1 – a 1 1 1 
Dispersion 2.00  0.82  0.10  1.73  1.73  1.48  
 
a – Results of binomial models 
b – Not included in Chevron Trap Predator Abundance Models 
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Table 4.3: Summary of internal video analysis 
Predator 
# Traps with 
predator 
# Predation 
events 
Prey Choice(s) 
# Traps 
Interested 
in bait 
Scamp 18 – – 13 
Gag 6 3 
Tomtate, Black 
Sea Bass 
5 
Red Grouper 9 5 
Bank Sea Bass, 
Tomtate, Red 
Porgy 
5 
Red Snapper 33 3 Tomtate 23 
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Figure 4.1. 2013-2015 MARMAP chevron trap-video sampling areas between 
approximately Cape Hatteras, NC south to Savannah, GA. 
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Figure 4.2. Chevron trap with camera placement indicated by red circles. 
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Figure 4.3. Mean predator first video occurrence vs. prey abundance: Mean prey 
abundances of each species during the 90-min. sampling time. Red vertical dashed line 
indicates time of predator entry. 
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Figure 4.4. Mean predator first video occurrence vs. prey abundance: Mean prey 
abundances of each species during the 90-min. sampling time. Red vertical dashed line 
indicates time of predator entry. 
 
* video read time begins ten minutes after the trap lands on the bottom and continue for 20 mins.   
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CHAPTER 5 
 
CONCLUSIONS 
 
 Increasing fishing pressure due to increasing human populations has resulted in 
the decline of many economically important fish stocks (NOAA 2015; SAFMC 2016). 
Subsequently, the loss of previously abundant and/or keystone species can alter the 
structure, function, and sustainability of ecosystems (Hooper et al. 2005; Gaston and 
Fuller 2008; Zhou et al. 2010). Additionally, top level, demersal predators such as 
groupers and snappers are typically targeted in tropical and temperate oceans (Smith 
1972; Manooch 1987; Shapiro 1987; Sadovy 1994; Sadovy de Mitcheson and Liu 2013). 
To maintain diversity, improve stock assessments, and increase sustainability, the 2006 
reauthorization of the Magnuson-Stevens Fishery Conservation and Management Act 
(MSA) includes recommendations that call for the maintenance and expansion of current 
levels of fishery surveys, and to fill in notable gaps in scientific data such as relationships 
between fish, habitat and benthic communities, and scientific data regarding diversity 
(NMFS 2009). In the southeastern United States Atlantic (SEUSA), the Southeast Reef 
Fish Survey (SERFS) provides fishery-independent data (FID) to the South Atlantic 
Fishery Management Council (SAFMC) as part of the regional effort to meet the MSA 
mandates. Fishery-independent data are unbiased data central to stock assessments of 
fishes within the snapper-grouper complex in SEUSA. However, environmental effects 
and species interactions are not currently considered in most stock assessments.
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The research in this dissertation attempted to fill some scientific data gaps 
regarding environmental effects and species interactions. To do this, this study focused 
on how fishery-independent data derived from trap catches and complementary video can 
be utilized to: 1) characterize hard bottom habitats in the southeastern U.S. Atlantic; 2) 
develop a more comprehensive list of co-occurring species based on the SERFS; 3) 
determine which environmental variables drive fish community structure; 4) determine 
which variables are strongly associated with individual grouper species and Red Snapper; 
and 5) investigate predator-prey interactions within and around chevron traps. 
Chapter 2 was an initial investigation into environmental structuring of reef fish 
assemblages in the southeastern U.S. Atlantic based on the SERFS survey using fishery-
independent data from chevron traps and complementary video. The results indicate that 
fish assemblage structure is primarily associated with distance to shelf edge, depth, 
substrate vertical relief, and substrate size; and, to a lesser extent, biotic class and % 
biotic cover. Assemblage patterns differed along habitat gradients. A greater number of 
dominant species, and a shift toward assemblages containing larger-bodied species (e.g. 
groupers, jacks) occurred in the mid- to outer shelf depths in areas that exhibit greater 
structure complexity (increasing substrate size and relief). This study also revealed 
potential habitat generalists and specialists by indicating which species had wider 
distributions across habitat gradients and those that exhibited limited distributions. These 
results can be used in the designation and management of protected areas, examine 
species vulnerability to disturbances and shifts in fish assemblage structure such as 
fishing pressure, climate change and invasive species, and to inform additional studies 
requiring knowledge of co-occurring species and those with habitat limitations. 
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Within the context of this overall study, environmental factors that divide 
communities regionally may not be the same as those that drive distributions at a species 
level. Some species that appear to have a more limited distribution within assemblages, 
and lower abundances are further investigated in Chapter 3. Additionally, Chapter 2 also 
elucidates co-occurring species that may be implicated in predator-prey relationships. 
Predator-prey interactions based on chevron traps and complementary video are further 
explored in Chapter 4.  
Chapter 3 is the first to use a region-wide assessment in the SEUSA based on 
fishery-independent data utilizing micro-habitat information (e.g. geologic and biotic 
habitat variables) alongside broad-scale variables (e.g. depth, latitude, temperature) in a 
multivariate framework that examines environmental associations with these focal reef 
fish species individually, and together, in an ecological context. Scamp, Gag, 
Yellowmouth Grouper, Red Grouper, Snowy Grouper, and Red Snapper were found to be 
strongly associated with month, latitude, depth, temperature, surface geologic class, 
biotic class, and % biotic cover. These results indicate the environmental factors that 
drive species distributions can be somewhat different than what structures fish 
assemblages. Red Snapper appeared to have a comparatively wider niche breadth than the 
groupers, being observed in every surface geologic class type. Conversely, Mycteroperca 
grouper species, (Scamp, Gag and Yellowmouth Grouper), all had strong associations 
with more complex, vegetated reef structures, especially those dominated by corals and 
sponges. These findings support those in Chapter 2 regarding assemblages in which these 
species are found. Interestingly, the other two genera of groupers, Red Grouper 
(Epinephelus) and Snowy Grouper (Hyporthodus), did not share the same habitat 
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affinities as the Mycteroperca species. Red Grouper was observed in areas similar in 
geology to that of Red Snapper except for no apparent preference for biota type. Snowy 
Grouper appear to be more depth limited which was also consistent with the assemblages 
in which they were found in Chapter 2. Month, latitude, depth and and temperature are 
typically utilized in standardizing CPUE models for these species.  However, this study 
was also able to define specific micro-habitat (e.g. geologic and biotic) requirements of 
these data poor, yet environmentally and economically important species. These results 
suggest surface geologic class, biotic class and percent biotic cover should also be 
considered in CPUE standardization analyses for these species. Additionally, this study 
determined overlap and separation in habitat preferences, as well as comparative habitat 
generalists versus specialists between the focal species. Understanding which species 
may serve as umbrella species and which species are at greater risk from disturbance (e.g. 
fishing pressure, climate change, invasive species) are necessary to make more informed 
and efficient management decisions to increase the sustainability of the greatest number 
of species possible with the least amount of legislation.  
Chapter 4 was the first step in determining whether species interactions within 
and around the traps influence the relative indices of abundance of several important reef 
fish species.  Predator-prey interactions exhibited by several grouper species, Red 
Snapper and jacks were identified. The multiple polynomial GLM’s determined that prey 
abundance could not be used to predict the probability of capturing a predator within the 
traps. This is most likely due to the rarity of predators in the traps, the size selectivity of 
the traps, and stress exhibited by predators once captured. However, predator-prey 
interactions do occasionally occur within traps and has been documented in a couple of 
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previous studies in the Caribbean, indicating some predators are attracted to the presence 
of live prey (High and Ellis 1973; Renchen, Pittman, and Brandt 2012). Based on 
observations in this study, it is suspected that predator-prey interactions may have more 
implications for indices based on video where there are no confounding factors such as 
gear size selectivity or stress. However, additional information is needed about individual 
sizes and potential interactions just outside the traps. The internal trap analyses 
determined that predator-prey interactions relative to traps occur with Gag, Red Grouper 
and Red Snapper, all of which demonstrated a preference for Tomtate and small Black 
Sea Bass. The information provided will help researchers better understand predator-prey 
dynamics relative to the fishery-independent chevron trap survey. 
Overall, this study has shown that environmental relationships play a role in fish 
assemblage and individual fish species distributions; therefore, managers must be 
cognizant of the differences between environmental variables that drive assemblages and 
those that drive fishes on a species level when designating management areas. 
Environmental variables that should be considered in the standardization of CPUE are 
species specific. Although co-occurring in assemblages with the potential for predator-
prey interactions, prey do not need to be considered in the standardization of trap catch 
CPUE because low frequency of occurrence within traps, and stress upon capture, 
decrease the probability of predator-prey interactions occurring within traps. A better 
understanding of the aspects of population dynamics, and community structure and 
function, are imperative for the conservation and management of marine biological 
diversity and improvement of the stock assessment process. The results from this study 
will be used to inform assessments that require standardization of catch per unit effort 
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when calculating relative indices of abundance, as well as those that utilize an ecosystem 
approach in conservation and management decisions to enhance fisheries sustainability. 
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APPENDIX  A: RESULTS OF PREDATOR-PREY INTERACTIONS INSIDE TRAPS 
 
Table A.1. Results of predator-prey interactions inside traps. Species are listed in order of trap entry and show all species available as 
potential prey prior to predator entering the trap. 
 
  
Event All Fish Species in Order of Trap Entry 
Time of 
First Prey 
Entry 
(mm:ss) 
Time of 
First Pred 
Entry 
(mm:ss) 
All Prey 
Abund. 
at Pred. 
Entry 
Pred. 
Abund. 
Number of 
failed 
pred. 
attempts 
Time of 
first failed 
attempt 
(mm:ss) 
Time of 
last failed 
attempt 
(mm:ss) Prey 
Number of 
pred. 
successes 
Time of 
first 
success 
(mm:ss) 
Time of 
last 
success 
(mm:ss) Prey 
Interest 
in bait 
Scamp 
             
S1 Black Sea Bass, Tomtate, White Grunt 
(Haemulon plumierii), Scamp 
04:52 51:51 155 1 0 – – – 0 – – – No 
S2 Black Sea Bass, Grey Triggerfish 
(Balistes capriscus), Bank Sea Bass, 
White Grunt, Whitespotted Soapfish 
(Rypticus maculatus), Scamp, Sand Perch 
(Diplectrum formosum), Gag 
25:00 47:53 13 1 0 – – – 0 – – – Yes 
S3 Black Sea Bass, Tomtate, Bank Sea Bass, 
Scamp, Grey Triggerfish 
05:51 48:50 24 1 0 – – – 0 – – – No 
S4 Tomtate, Black Sea Bass, Scamp, Red 
Porgy, Vermilion Snapper, Grey 
Triggerfish 
17:34 27:14 2 2 0 – – – 0 – – – Yes 
S5 Scamp, Grey Triggerfish No Prey 21:20 0 1 0 – – – 0 – – – No 
S6 Red Porgy, Tomtate, White Grunt, 
Scamp, Knobbed Porgy (Calamus 
nodosus), Grey Triggerfish 
07:28 42:14 16 2 0 – – – 0 – – – Yes 
S7 Tomtate, Black Sea Bass, Bank Sea Bass, 
Labridae (Wrasses), White Grunt, 
Cubbyu (Pareques umbrosus), Spottail 
Pinfish (Diplodus holbrookii), Red 
Porgy, Scamp, Grey Triggerfish 
05:35 48:36 116 1 0 – – – 0 – – – Yes 
S8 Bank Sea Bass, Tomtate, Belted Sandfish 
(Serranus subligarius), Spottail Pinfish, 
White Grunt, Red Porgy, Vermilion 
Snapper, Whitespotted Soapfish, Bandtail 
Puffer (Sphoeroides spengleri), Stegastes 
sp.(Pomacentridae), Black Sea Bass, 
Scamp 
08:03 75:24 86 1 0 – – – 0 – – – Yes 
S9 Bank Sea Bass, Belted Sandfish, White 
Grunt, Labridae, Sand Perch, Cubbyu, 
Black Sea Bass, Spottail Pinfish, 
Tomtate, Whitespotted Soapfish, Scamp, 
Grey Triggerfish 
05:00 84:46 13 1 0 – – – 0 – – – Yes 
S10 Tomtate, Grey Triggerfish, Scamp 29:51 98:32 1 4 0 – – – 0 – – – Yes 
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Event All Fish Species in Order of Trap Entry 
Time of 
First Prey 
Entry 
(mm:ss) 
Time of 
First Pred 
Entry 
(mm:ss) 
All Prey 
Abund. 
at Pred. 
Entry 
Pred. 
Abund. 
Number of 
failed 
pred. 
attempts 
Time of 
first failed 
attempt 
(mm:ss) 
Time of 
last failed 
attempt 
(mm:ss) Prey 
Number of 
pred. 
successes 
Time of 
first 
success 
(mm:ss) 
Time of 
last 
success 
(mm:ss) Prey 
Interest 
in bait 
S11 Grey Triggerfish, White Grunt, Scamp No Prey 53:19 0 1 0 – – – 0 – – – Yes 
S12 Black Sea Bass, White Grunt, Tomtate, 
Red Porgy, Scamp 
04:35 72:43 12 1 0 – – – 0 – – – Yes 
S13 Grey Triggerfish, Red Porgy, Scamp 36:25 42:31 2 1 0 – – – 0 – – – Yes 
S14 Grey Triggerfish, Black Sea Bass, 
Planehead Filefish (Stephanolepis 
hispidus), Vermilion Snapper, Scamp 
08:14 87:45 3 1 0 – – – 0 – – – No 
S15 Tomtate, Red Porgy, Scamp 08:25 64:19 26 1 0 – – – 0 – – – No 
S16 Red Porgy, Vermilion Snapper Scamp 08:55 43:01 18 2 0 – – – 0 – – – Yes 
S17 Tomtate, Scamp 05:22 36:19 138 1 0 – – – 0 – – – No 
S18 Tomtate, Striped Grunt, Red Porgy, 
White Grunt, Scamp, Grey Triggerfish, 
Knobbed Porgy 
23:19 80:32 7 1 0 – – – 0 – – – No 
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Event All Fish Species in Order of Trap Entry 
Time of 
First Prey 
Entry 
(mm:ss) 
Time of 
First Pred 
Entry 
(mm:ss) 
All Prey 
Abund. 
at Pred. 
Entry 
Pred. 
Abund. 
Number of 
failed 
pred. 
attempts 
Time of 
first failed 
attempt 
(mm:ss) 
Time of 
last failed 
attempt 
(mm:ss) Prey 
Number of 
pred. 
successes 
Time of 
first 
success 
(mm:ss) 
Time of 
last 
success 
(mm:ss) Prey 
Interest 
in bait 
 
Gag              
G1 Black Sea Bass, Red Snapper, Bank Sea 
Bass, Planehead Filefish, Grey 
Triggerfish, Gag, Whitespotted Soapfish 
04:47 63:05 15 1 0 – – – 0 – – – Yes 
G2 Black Sea Bass, Grey Triggerfish, Gag, 
Greater Soapfish (Rypticus saponaceous) 
04:34 14:33 8 4 0 – – – 0 – – – Yes 
G3 Black Sea Bass, Tomtate, Bank Sea Bass, 
Grey Triggerfish, White Grunt, Gag 
03:12 76:01 164 1 1 77:45 – Tomtate 1 76:06 – Tomtate No 
G4 Black Sea Bass, Grey Triggerfish, Bank 
Sea Bass, White Grunt, Whitespotted 
Soapfish, Scamp, Sand Perch, Gag 
25:00 65:08 13 1 0 – – – 0 – – – Yes 
G5 Bank Sea Bass, Black Sea Bass, 
Gymnothorax sp. (Moray), Tomtate, Red 
Snapper, Gag, Grey Triggerfish 
04:32 80:52 32 1 1 84:30 – Black Sea 
Bass 
0 – – – Yes 
Red Grouper              
RG1 Tomtate, Planehead Filefish, Bank Sea 
Bass, White Grunt, Black Sea Bass, Red 
Grouper, Spottail Pinfish 
14:50 39:57 10 1 0 – – – 0 – – – Yes 
RG2 Bank Sea Bass, Pomacentrus sp. 
(Damselfish), Black Sea Bass, Spottail 
Pinfish, Whitespotted Soapfish, Red 
Porgy, Red Grouper 
03:05 45:14 6 1 0 – – – 1 45:14 – Bank Sea 
Bass 
No 
RG3 Bank Sea Bass, Tomtate, White Grunt, 
Red Grouper, Black Sea Bass, Spottail 
Pinfish, Red Porgy 
02:28 28:34 54 1 0 – – – 0 – – – Yes 
RG4 Bank Sea Bass, Sand Perch, Muraena 
sp.(Moray), Labridae, White Grunt , 
Tomtate, Whitespotted Soapfish, Red 
Porgy, Gymnothorax sp., Bandtail Puffer, 
Black Sea Bass, Red Grouper 
07:03 93:55 22 1 0 – – – 1 93:55 – Tomtate No 
RG5 Bandtail Puffer, Red Porgy, Red Grouper 32:14 36:28 1 1 3 41:12 43:01 Red Porgy 0 – – – No 
RG6 White Grunt, Vermilion Snapper, Grey 
Triggerfish, Red Grouper 
05:58 72:49 17 1 0 – – – 0 – – – Yes 
RG7 Red Porgy, Red Grouper, White Grunt 41:10 58:29 1 2 0 – – – 0 – – – Yes 
RG8 Red Porgy, Bank Sea Bass, Tomtate, 
Grey Triggerfish, Red Grouper 
10:11 62:01 12 1 0 – – – 0 – – – Yes 
RG9 Tomtate, Vermilion Snapper, White 
Grunt, Grey Triggerfish, Red Grouper, 
Spottail Pinfish 
05:24 73:17 82 1 0 – – – 0 – – – No 
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Event All Fish Species in Order of Trap Entry 
Time of 
First Prey 
Entry 
(mm:ss) 
Time of 
First Pred 
Entry 
(mm:ss) 
All Prey 
Abund. 
at Pred. 
Entry 
Pred. 
Abund. 
Number of 
failed 
pred. 
attempts 
Time of 
first failed 
attempt 
(mm:ss) 
Time of 
last failed 
attempt 
(mm:ss) Prey 
Number of 
pred. 
successes 
Time of 
first 
success 
(mm:ss) 
Time of 
last 
success 
(mm:ss) Prey 
Interest 
in bait 
Red Snapper              
RS1 Black Sea Bass, Tomtate, Bank Sea Bass, 
Red Porgy, Gymnothorax sp., Red 
Snapper 
05:34 77:21 71 1 2 77:40 83:53 Tomtate 0 – – – No 
RS2 Black Sea Bass, Tomtate, Vermilion 
Snapper, Bank Sea Bass, Sand Perch, 
Red Porgy, Red Snapper 
03:20 48:54 59 1 0 – – – 0 – – – Yes 
RS3 Black Sea Bass, Red Snapper, Red 
Porgy, Bank Sea Bass, Grey Triggerfish, 
Tomtate 
03:30 09:35 20 2 0 – – – 0 – – – No 
RS4 Red Snapper No Prey 53:52 0 1 0 – – – 0 – – – Yes 
RS5 Black Sea Bass, Red Snapper, Bank Sea 
Bass, Planehead Filefish, Grey 
Triggerfish, Gag, Whitespotted Soapfish 
04:47 10:51 2 19 0 – – – 0 – – – Yes 
RS6 Black Sea Bass, Red Snapper, Grey 
Triggerfish, Gymnothorax sp. 
02:32 32:54 19 7 0 – – – 0 – – – Yes 
RS7 Black Sea Bass, Stenotomus spp., 
Tomtate, Bank Sea Bass, Red Porgy, Red 
Snapper 
03:28 70:33 101 1 0 – – – 0 – – – Yes 
RS8 Black Sea Bass, Bank Sea Bass, Grey 
Triggerfish, Whitespotted Soapfish, 
Tomtate, Red Snapper, Spottail Pinfish, 
Red Porgy 
04:43 35:57 37 2 0 – – – 0 – – – Yes 
RS9 Black Sea Bass, Bank Sea Bass, Red 
Porgy, Vermilion Snapper, Red Snapper 
04:44 67:04 60 1 0 – – – 0 – – – Yes 
RS10 Tomtate, Red Porgy, Grey Triggerfish, 
Red Snapper 
05:05 32:02 56 4 0 – – – 0 – – – Yes 
RS11 Bank Sea Bass, Black Sea Bass, 
Gymnothorax sp., Tomtate, Red Snapper, 
Gag, Grey Triggerfish 
04:15 65:59 27 2 0 – – – 0 – – – Yes 
RS12 Gymnothorax sp., Tomtate, Black Sea 
Bass, Bank Sea Bass Red Snapper, Grey 
Triggerfish 
07:47 38:40 28 1 0 – – – 0 – – – Yes 
RS13 Stenotomus spp., Black Sea Bass, Grey 
Triggerfish, Red Snapper, Planehead 
Filefish 
09:36 20:14 3 3 0 – – 
 
0 – – – No 
RS14 Black Sea Bass, Tomtate, Planehead 
Filefish, Stenotomus spp., Vermilion 
Snapper, Red Porgy, Red Snapper, Grey 
Triggerfish 
09:36 41:09 51 1 0 – – – 0 – – – Yes 
RS15 Tomtate, Whitespotted Soapfish, Red 
Snapper, Black Sea Bass, White Grunt, 
Grey Triggerfish, Red Porgy, Muraena 
sp. 
03:10 09:22 13 4 0 – – – 0 – – – Yes 
RS16 Black Sea Bass, Tomtate, Grey 
Triggerfish, Bank Sea Bass, Red Snapper 
02:10 11:30 61 2 0 – – – 0 – – – Yes 
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Event All Fish Species in Order of Trap Entry 
Time of 
First Prey 
Entry 
(mm:ss) 
Time of 
First Pred 
Entry 
(mm:ss) 
All Prey 
Abund. 
at Pred. 
Entry 
Pred. 
Abund. 
Number of 
failed 
pred. 
attempts 
Time of 
first failed 
attempt 
(mm:ss) 
Time of 
last failed 
attempt 
(mm:ss) Prey 
Number of 
pred. 
successes 
Time of 
first 
success 
(mm:ss) 
Time of 
last 
success 
(mm:ss) Prey 
Interest 
in bait 
RS17 Labridae, Red Snapper, Spottail Pinfish, 
Black Sea Bass, Tomtate, Grey 
Triggerfish 
33:42 17:09 0 15 0 – – – 0 – – – Yes 
RS18 Black Sea Bass, Bank Sea Bass, Sand 
Perch, Labridae, Vermilion Snapper, 
Tomtate, White Grunt, Grey Triggerfish, 
Red Snapper 
14:28 34:06 17 28 0 – – – 0 – – – Yes 
RS19 Black Sea Bass, Labridae, Red Porgy, 
White Grunt, Tomtate, Tattler (Serranus 
phoebe), Sand Perch, Vermilion Snapper, 
Grey Triggerfish, Planehead Filefish, 
Stenotomus spp., Red Snapper 
02:30 65:35 39 3 0 – – – 0 – – – Yes 
RS20 Bank Sea Bass, Black Sea Bass, Red 
Porgy, Gymnothorax sp., Vermilion 
Snapper, Grey Triggerfish, Red Snapper 
05:26 67:39 10 1 0 – – – 0 – – – Yes 
RS21 Black Sea Bass, Bank Sea Bass, Red 
Snapper, Tattler, Labridae 
03:28 13:18 5 1 0 – – – 0 – – – No 
RS22 Black Sea Bass, Bank Sea Bass, Red 
Snapper 
09:33 17:17 4 7 0 – – – 0 – – – No 
RS23 Black Sea Bass, Red Snapper, Spottail 
Pinfish 
19:54 84:48 2 1 0 – – – 0 – – – Yes 
RS24 Black Sea Bass, Bank Sea Bass, Red 
Snapper, Tomtate, Grey Triggerfish 
05:25 20:08 13 1 0 – – – 0 – – – No 
RS25 Red Snapper No Prey 92:18 0 1 0 – – – 0 – – – Yes 
RS26 Red Snapper, Black Sea Bass, Red 
Porgy, Grey Triggerfish, Spottail Pinfish 
24:46 18:19 0 12 0 – – – 0 – – – Yes 
RS27 Black Sea Bass, Bank Sea Bass, 
Stenotomus spp., Red Snapper, Spottail 
Pinfish 
09:21 29:29 20 3 0 – – – 0 – – – Yes 
RS28 Black Sea Bass, Tomtate, Vermilion 
Snapper, Bandtail Puffer, Grey 
Triggerfish, Red Porgy, Red Snapper, 
White Grunt 
70:51 20:04 66 1 0 – – – 0 – – – No 
RS29 Black Sea Bass, Tomtate, White Grunt, 
Vermilion Snapper, Bank Sea Bass, Red 
Porgy, Red Snapper 
07:26 83:19 37 1 0 – – – 1 83:15 – Tomtate No 
RS30 Tomtate, Red Snapper, Vermilion 
Snapper, Grey Triggerfish, Spotfin 
Hogfish (Bodianus pulchellus) 
06:31 23:03 5 1 0 – – – 0 – – – Yes 
RS31 Tomtate, Black Sea Bass, Bank Sea Bass, 
Red Porgy, White Grunt, Red Snapper 
04:42 44:22 99 1 0 – – – 0 – – – No 
RS32 Black Sea Bass, Red Snapper, Tomtate 03:11 05:22 6 9 0 – – – 0 – – – Yes 
RS33 Black Sea Bass, Bank Sea Bass, 
Stenotomus spp., Tomtate, Red Snapper 
03:17 14:02 12 2 0 – – – 0 – – – No 
 
